
0(75,&

0,/�67'�����$
�� 2FWREHU ����
683(56(',1*
0,/�67'������6+�
�� $SULO ����

'(3$570(17 2) '()(16(
'(6,*1 &5,7(5,$ 67$1'$5'

),%(5 237,& 6<67(06 '(6,*1

$06& 1�$ $5($ *'54
',675,%87,21 67$7(0(17 $� $SSURYHG IRU SXEOLF UHOHDVH� GLVWULEXWLRQ LV XQOLPLWHG�



0,/�67'�����$�6+�

ii

)25(:25'

'(3$570(17 2) 7+( 1$9<
1$9$/ 6($ 6<67(06 &200$1'
$5/,1*721� 9$ ����������

�� 7KLV 'HSDUWPHQW RI 'HIHQVH GHVLJQ FULWHULD VWDQGDUG LV DSSURYHG IRU XVH E\ WKH 1DYDO 6HD
6\VWHPV &RPPDQG� 'HSDUWPHQW RI WKH 1DY\� DQG LV DYDLODEOH IRU XVH E\ DOO 'HSDUWPHQWV DQG $JHQFLHV RI
WKH 'HSDUWPHQW RI 'HIHQVH�

�� %HQHILFLDO FRPPHQWV �UHFRPPHQGDWLRQV� DGGLWLRQV� GHOHWLRQV� DQG DQ\ SHUWLQHQW GDWD ZKLFK PD\
EH RI XVH LQ LPSURYLQJ WKLV GRFXPHQW VKRXOG EH DGGUHVVHG WR� &RPPDQGHU� 1DYDO 6HD 6\VWHPV &RPPDQG�
6($ ��-�� ���� -HIIHUVRQ 'DYLV +Z\�� $UOLQJWRQ� 9$ ���������� E\ XVLQJ WKH 6WDQGDUGL]DWLRQ 'RFXPHQW
,PSURYHPHQW 3URSRVDO �'' )RUP ����� DSSHDULQJ DW WKH HQG RI WKLV GRFXPHQW RU E\ OHWWHU�

�� 7KLV GHVLJQ FULWHULD VWDQGDUG SURYLGHV GHWDLOHG LQIRUPDWLRQ� JXLGHOLQHV� SURFHGXUHV DQG
UHTXLUHPHQWV IRU VHOHFWLQJ DQG XVLQJ ILEHU RSWLF FRPSRQHQWV WR WUDQVPLW ILEHU RSWLF VLJQDOV LQ 1DY\
V\VWHPV� 7KLV VWDQGDUG SUDFWLFH LGHQWLILHV WKH FRQVLGHUDWLRQV XVHG LQ WKH VHOHFWLRQ RI WKH VSHFLILF
1DY\ ILEHU RSWLF FRPSRQHQWV DQG WKH SHUIRUPDQFH RI WKHVH FRPSRQHQWV LQ WKH VXUIDFH VKLS DQG VXEPDULQH
HQYLURQPHQWV� ,Q DGGLWLRQ� WKLV VWDQGDUG SUDFWLFH SURYLGHV GHWDLOHG H[SODQDWLRQV RI WKH ILEHU RSWLF
V\VWHP GHVLJQ SURFHGXUHV�



&217(176
3$5$*5$3+ 3$*(

0,/�67'�����$�6+�

iii

�� 6&23( � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 6FRSH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� $SSOLFDELOLW\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� *HQHUDO � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�� $33/,&$%/( '2&80(176 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� *HQHUDO� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� *RYHUQPHQW GRFXPHQWV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� 6SHFLILFDWLRQV DQG VWDQGDUGV � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 1RQ�*RYHUQPHQW SXEOLFDWLRQV� � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 2UGHU RI SUHFHGHQFH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�� '(),1,7,216 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� *HQHUDO ILEHU RSWLFV WHUPV � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� &DEOH WUDQVLHQW ORVV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� )DLOXUH UDWH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� )LEHU�FDEOH H[LW EDQGZLGWK � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� )LEHU RSWLF FDEOH SODQW �)2&3� � � � � � � � � � � � � � � � � � � � � � � � � � �
����� )LEHU RSWLF FDEOH WRSRORJ\ � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� )LEHU RSWLF ORFDO FDEOH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� )LEHU RSWLF WUXQN FDEOH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� 2XWOHW � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� $FURQ\PV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 'HVLJQ HTXDWLRQ YDULDEOHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�� *(1(5$/ 5(48,5(0(176 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� *HQHUDO � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 2SWLFDO ILEHUV DQG ILEHU RSWLF FRPSRQHQWV � � � � � � � � � � � � � � � � � � � � � �
����� 2SWLFDO ILEHU � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� )LEHU RSWLF FDEOH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� &RQQHFWRUV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 6SOLFHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� )LEHU RSWLF VZLWFKHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� &RXSOHUV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� ,QWHUFRQQHFWLRQ ER[HV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� )LEHU RSWLF VRXUFHV DQG WUDQVPLWWHUV � � � � � � � � � � � � � � � � � � � � � � ��
����� )LEHU RSWLF GHWHFWRUV DQG UHFHLYHUV � � � � � � � � � � � � � � � � � � � � � � � ��
��� ,QWHU�HTXLSPHQW FRQQHFWLRQV � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� (TXLSPHQW H[WHUQDO SK\VLFDO LQWHUIDFHV � � � � � � � � � � � � � � � � � � � � � ��
����� 'LUHFW LQWHU�HTXLSPHQW RU LQWHU�UDFN FRQQHFWLRQV � � � � � � � � � � � � � � � � ��
����� )LEHU RSWLF FDEOH WRSRORJ\ FRQQHFWLRQV � � � � � � � � � � � � � � � � � � � � � ��
��� ,QWUD�HTXLSPHQW RU LQWUD�UDFN RUJDQL]DWLRQ � � � � � � � � � � � � � � � � � � � ��
����� &DEOH URXWLQJ ZLWKLQ HTXLSPHQWV RU UDFNV � � � � � � � � � � � � � � � � � � � � ��
����� ,QWHUQDO HTXLSPHQW RU UDFN FRQQHFWLRQV � � � � � � � � � � � � � � � � � � � � � ��
����� &DEOH RU EXIIHUHG ILEHU URXWLQJ RQ FLUFXLW FDUGV � � � � � � � � � � � � � � � � ��

�� '(7$,/(' 5(48,5(0(176 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� *HQHUDO � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 0DLQWDLQDELOLW\ FRQVLGHUDWLRQV � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 6\VWHP VSDUH DQG UHGXQGDQW RSWLFDO SDWKV � � � � � � � � � � � � � � � � � � � � ��
��� &RPSRQHQW VHOHFWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 2SWLFDO ILEHU � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� )LEHU RSWLF FDEOH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 6LQJOH WHUPLQXV FRQQHFWRUV � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 0XOWLWHUPLQXV FRQQHFWRUV � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 6SOLFHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 6ZLWFK � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� &RXSOHU � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� ,QWHUFRQQHFWLRQ ER[ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 7UDQVPLWWHU W\SHV DQG IHDWXUHV � � � � � � � � � � � � � � � � � � � � � � � � � ��
������ (TXLSPHQW FRQQHFWLRQV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
������ &DEOH SODQW WHUPLQDWLRQV � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
������ 5HFHLYHU W\SHV DQG IHDWXUHV � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� /LQN GHILQLWLRQ DQG GHVLJQ � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� *HQHUDO � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� ,QLWLDO OLQN GHILQLWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��



&217(176
3$5$*5$3+ 3$*(

0,/�67'�����$�6+�

iv

����� 'HVLJQ HYDOXDWLRQV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� /LQN YLDELOLW\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 'LVWRUWLRQ EXGJHWLQJ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� *HQHUDO � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� )LEHU RSWLF WUDQVPLWWHUV � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 2SWLFDO FDEOH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� )LEHU RSWLF UHFHLYHUV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 6\VWHP ULVH WLPH DQG EDQGZLGWK � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� )LEHU�FDEOH H[LW ULVH WLPH DQG EDQGZLGWK � � � � � � � � � � � � � � � � � � � � ��
����� $SSO\LQJ WKH HTXDWLRQV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� /RVV EXGJHW� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� *HQHUDO � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� &RPSRQHQW ORVV SDUDPHWHUV � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� :RUVW FDVH GHVLJQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� /DXQFK FRQGLWLRQ FRUUHFWHG GHVLJQ � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 6WDWLVWLFDO GHVLJQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� /RVV EXGJHW HTXDWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 6WDWLVWLFDO DVVXPSWLRQV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� (QYLURQPHQWDO�WKHUPDO FRQVLGHUDWLRQV � � � � � � � � � � � � � � � � � � � � � � ��
����� 6WDQGDUG HQYLURQPHQWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 1XFOHDU UDGLDWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 7RWDO HQYLURQPHQWDO PDUJLQ � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� $JLQJ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� $GMXVWPHQWV WR WKH ORVV EXGJHW � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� *URZWK DQG IXWXUH XQNQRZQV � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 'LVSHUVLRQ SRZHU SHQDOW\� � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 0RGH SDUWLWLRQ QRLVH SHQDOW\ � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 6LQJOH UHIOHFWLRQ SRZHU SHQDOW\ � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 0RGDO QRLVH SHQDOW\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� -LWWHU SRZHU SHQDOW\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 2WKHU SRZHU SHQDOWLHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� &RPSRQHQW UHOLDELOLW\ FDOFXODWLRQV � � � � � � � � � � � � � � � � � � � � � � � ��
����� 2SWLFDO FDEOH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� /LJKW GXW\ VLQJOH WHUPLQXV FRQQHFWRUV � � � � � � � � � � � � � � � � � � � � � � ��
����� +HDY\ GXW\ PXOWLWHUPLQXV FRQQHFWRUV � � � � � � � � � � � � � � � � � � � � � � � ��
����� /LJKW GXW\ VLQJOH ILEHU VSOLFHV � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 2SWLFDO VZLWFKHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
���� )LEHU RSWLF V\VWHP GHVLJQ H[DPSOHV � � � � � � � � � � � � � � � � � � � � � � � ��
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��� ,QWHQGHG XVH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� ,VVXH RI '2',66 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 5HIHUHQFHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 6XEMHFW WHUP �NH\ ZRUG� OLVWLQJ � � � � � � � � � � � � � � � � � � � � � � � � � ��

),*85(

� 2SWLFDO ILEHU VWUXFWXUH� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� 7\SLFDO LQGH[ SURILOH IRU JUDGHG LQGH[ PXOWLPRGH ILEHU� � � � � � � � � � � � � � �
� 7\SLFDO FDEOHG RSWLFDO ILEHU VSHFWUDO DWWHQXDWLRQ� � � � � � � � � � � � � � � � ��
� 7\SLFDO RSWLFDO ILEHU FKURPDWLF GLVSHUVLRQ� � � � � � � � � � � � � � � � � � � � ��
� 2)&& �%UHDNRXW� GHVLJQ ILEHU RSWLF FDEOH� � � � � � � � � � � � � � � � � � � � � ��
� 6WUDQGHG GHVLJQ ILEHU RSWLF FDEOH� � � � � � � � � � � � � � � � � � � � � � � � ��
� 5LEERQ GHVLJQ ILEHU RSWLF FDEOH � � � � � � � � � � � � � � � � � � � � � � � � � ��
� 1DY\ VWDQGDUG VLQJOH WHUPLQXV OLJKW GXW\ FRQQHFWRU� � � � � � � � � � � � � � � ��
� 0XOWLWHUPLQXV �0,/�&������� FRQQHFWRU � � � � � � � � � � � � � � � � � � � � � � ��
�� 5RWDU\ PHFKDQLFDO VSOLFH � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
�� 7\SLFDO 6/(' FRQVWUXFWLRQ� � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
�� 7\SLFDO (/(' FRQVWUXFWLRQ� � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
�� %ORFN 'LDJUDP RI D 7\SLFDO )LEHU 2SWLF 5HFHLYHU� � � � � � � � � � � � � � � � � ��
�� $SSURYHG H[WHUQDO SK\VLFDO LQWHUIDFHV IRU VWDQG DORQH HTXLSPHQW � � � � � � � � � ��
�� $SSURYHG UDFN�PRXQWHG HTXLSPHQW H[WHUQDO SK\VLFDO LQWHUIDFHV � � � � � � � � � � ��
�� )LEHU RSWLF OLQN GHVLJQ SURFHVV� � � � � � � � � � � � � � � � � � � � � � � � � ��
�� )LEHU RSWLF V\VWHP VFKHPDWLF� � � � � � � � � � � � � � � � � � � � � � � � � � � ��
�� 7\SLFDO RSWLFDO FDEOH WUDQVLHQW ORVV� � � � � � � � � � � � � � � � � � � � � � � ��
�� (\H 3DWWHUQ� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
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�� 0XOWLPRGH 6$)(1(7 WRSRORJ\ IRU H[DPSOH �� � � � � � � � � � � � � � � � � � � � � ��
�� 0XOWLPRGH 6$)(1(7 WRSRORJ\ IRU H[DPSOH �� � � � � � � � � � � � � � � � � � � � � ��
�� 6LQJOH PRGH 6$)(1(7 WRSRORJ\� � � � � � � � � � � � � � � � � � � � � � � � � � � ��

7$%/(

, 1DY\ VWDQGDUG DQG FRPPHUFLDO ILEHU VL]HV� � � � � � � � � � � � � � � � � � � � � �
,, &DEOHG PXOWLPRGH RSWLFDO ILEHU SHUIRUPDQFH FRPSDULVRQ� � � � � � � � � � � � � � � �
,,, %HQG SHUIRUPDQFH RI ILEHU RSWLF FDEOH GHVLJQV� � � � � � � � � � � � � � � � � � ��
,9 /(' DQG ODVHU SHUIRUPDQFH FRPSDULVRQ� � � � � � � � � � � � � � � � � � � � � � � ��
9 'HWHFWRU SHUIRUPDQFH FRPSDULVRQ � � � � � � � � � � � � � � � � � � � � � � � � � ��
9, %LW UDWH WR EDXG FRQYHUVLRQ IDFWRUV� � � � � � � � � � � � � � � � � � � � � � � ��
9,, 1DY\ VLQJOH�PRGH FRPSRQHQW ORVV YDOXHV � � � � � � � � � � � � � � � � � � � � � ��
9,,, 1DY\ PXOWLPRGH FRPSRQHQW ORVV YDOXHV � � � � � � � � � � � � � � � � � � � � � � ��
,; 5HFRPPHQGHG YDOXHV IRU .� � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
; &RQILGHQFH OHYHOV IRU VWDWLVWLFDO GHVLJQV� � � � � � � � � � � � � � � � � � � � ��
;, &RPSRQHQW HQYLURQPHQWDO GHJUDGDWLRQ IDFWRUV� � � � � � � � � � � � � � � � � � � ��
;,, $FWLYH GHYLFH DJLQJ GHUDWLQJ IDFWRUV� � � � � � � � � � � � � � � � � � � � � � � ��
;,,, )LEHU GHWHUPLQLVWLF MLWWHU FRQVWDQWV� � � � � � � � � � � � � � � � � � � � � � � ��
;,9 )LEHU RSWLF FRPSRQHQW TXDOLW\ IDFWRUV� � � � � � � � � � � � � � � � � � � � � � ��
;9 )LEHU RSWLF FRPSRQHQW EDVH IDLOXUH UDWHV� � � � � � � � � � � � � � � � � � � � � ��
;9, 2SWLFDO FDEOH HQYLURQPHQWDO GHUDWLQJ IDFWRUV� � � � � � � � � � � � � � � � � � � ��
;9,, /LJKW GXW\ FRQQHFWRU HQYLURQPHQWDO GHUDWLQJ IDFWRUV� � � � � � � � � � � � � � � ��
;9,,, 0DWLQJ�XQPDWLQJ GHUDWLQJ IDFWRUV� � � � � � � � � � � � � � � � � � � � � � � � � ��
;,; +HDY\ GXW\ FRQQHFWRU HQYLURQPHQWDO GHUDWLQJ IDFWRUV� � � � � � � � � � � � � � � ��
;; +HDY\ GXW\ FRQQHFWRU PDWLQJ�XQPDWLQJ GHUDWLQJ IDFWRUV� � � � � � � � � � � � � � ��
;;, 1XPEHU RI DFWLYH WHUPLQL GHUDWLQJ IDFWRU� � � � � � � � � � � � � � � � � � � � � ��
;;,, /LJKW GXW\ VSOLFH HQYLURQPHQWDO GHUDWLQJ IDFWRUV� � � � � � � � � � � � � � � � � ��
;;,,, 2SWLFDO VZLWFK EDVH IDLOXUH UDWH� � � � � � � � � � � � � � � � � � � � � � � � � ��
;;,9 2SWLFDO VZLWFK HQYLURQPHQWDO GHUDWLQJ IDFWRUV� � � � � � � � � � � � � � � � � � ��
;;9 1XPEHU RI VZLWFK VWDWHV GHUDWLQJ IDFWRU� � � � � � � � � � � � � � � � � � � � � ��
;;9, 7RSLFV FRYHUHG LQ ILEHU RSWLF GHVLJQ H[DPSOHV � � � � � � � � � � � � � � � � � � ��
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$ 7HVW SURFHGXUH WR GHWHUPLQH FRXSOHG SRZHU UDWLR IRU PXOWLPRGH RSWLFDO ILEHUV � � ��
% 0XOWLPRGH GHVLJQ H[DPSOHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
& 6LQJOH PRGH GHVLJQ H[DPSOH � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
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��� 6FRSH� 7KLV GHVLJQ FULWHULD VWDQGDUG SURYLGHV GHVLJQ UHTXLUHPHQWV IRU GLJLWDO ILEHU
RSWLF V\VWHPV KDYLQJ GDWD WUDQVPLVVLRQ UDWHV QRW JUHDWHU WKDQ ��� PHJDELWV SHU VHFRQG �0ESV� LQVWDOOHG
DERDUG 1DY\ VXUIDFH VKLSV DQG VXEPDULQHV� 7KH SURSHU DSSOLFDWLRQ RI FRPSRQHQW VSHFLILFDWLRQV DQG
RWKHU ILEHU RSWLF VWDQGDUGV LV DGGUHVVHG KHUHLQ� DV DUH GHWDLOHG PHWKRGV IRU FDOFXODWLQJ V\VWHP GHVLJQ
SDUDPHWHUV� ZLWK H[DPSOHV� 7KLV VWDQGDUG SUDFWLFH FRQFHQWUDWHV RQ WKH GHVLJQ RI D VLPSOH GLJLWDO
ILEHU RSWLF OLQN� ,W GRHV QRW DGGUHVV JHQHUDO V\VWHP GHVLJQ LVVXHV VXFK DV WKH WHUPLQDO HTXLSPHQW
GHVLJQ �H[FHSW IRU FDEOH HQWUDQFH DQG URXWLQJ FRQVWUDLQWV�� WKH V\VWHP WRSRORJ\ DQG WKH SK\VLFDO
GHVLJQ RI WKH ILEHU RSWLF FDEOH SODQW� ,W LV DVVXPHG WKDW WKHVH GHFLVLRQV KDYH EHHQ PDGH DQG WKH
LQIRUPDWLRQ LV XVHG DV LQSXW WR WKH OLQN GHVLJQ SURFHVV� )XUWKHUPRUH� WKLV GRFXPHQW GRHV QRW DGGUHVV
WKH GHVLJQ RI DQDORJ OLQNV� OLQNV XVLQJ VWHS LQGH[ ILEHU DQG FRPSOH[ ILEHU RSWLF OLQNV FRQWDLQLQJ
QRQOLQHDU ILEHU RSWLF FRPSRQHQWV VXFK DV ILEHU DPSOLILHUV�

��� $SSOLFDELOLW\� 7KH GHVLJQ UHTXLUHPHQWV LQ WKLV GRFXPHQW DSSO\ WR HTXLSPHQW DQG V\VWHPV
RQ VSHFLILF VKLSV ZKHQ LQYRNHG E\ WKH JRYHUQLQJ VKLS VSHFLILFDWLRQ� V\VWHP VSHFLILFDWLRQ� RU RWKHU
FRQWUDFWXDO GRFXPHQW� 7KH\ DUH LQWHQGHG IRU QHZ V\VWHPV XVLQJ ILEHU RSWLFV RU WKH FRQYHUVLRQ RU
DOWHUDWLRQ RI H[LVWLQJ V\VWHPV WR XVH ILEHU RSWLFV� :KHUH WKHUH LV D FRQIOLFW EHWZHHQ WKLV GRFXPHQW
DQG WKH VKLS VSHFLILFDWLRQ RU FRQWUDFW� WKH VKLS VSHFLILFDWLRQ RU FRQWUDFW VKDOO WDNH SUHFHGHQFH�
:KHUH VKLS GHVLJQ RU V\VWHP SHUIRUPDQFH UHTXLUHPHQWV DUH VXFK WKDW WKH PHWKRGV KHUHLQ FDQQRW EH
LPSOHPHQWHG� XVHUV VKDOO VXEPLW QHZ PHWKRGV WR &RPPDQGHU� 1DYDO 6HD 6\VWHPV &RPPDQG� ���� -HIIHUVRQ
'DYLV +Z\�� $UOLQJWRQ� 9$ ���������� $WWQ� 6($ ��-� IRU DSSURYDO�

��� *HQHUDO� 7KLV GHVLJQ FULWHULD VWDQGDUG GHVFULEHV WKH PHWKRGRORJ\ WKDW LV UHTXLUHG IRU
GHVLJQLQJ GLJLWDO ILEHU RSWLF WUDQVPLVVLRQ OLQNV ZLWK FDSDFLWLHV XS WR DSSUR[LPDWHO\ ��� 0HJDEDXG
�0EDXG� ZKLFK XVH HLWKHU VLQJOH PRGH RU JUDGHG LQGH[ PXOWLPRGH RSWLFDO ILEHU DQG HLWKHU D OLJKW
HPLWWLQJ GLRGH �/('� RU ODVHU VRXUFH� 7KLV GRFXPHQW FRQFHQWUDWHV RQ WUDQVPLVVLRQ ZDYHOHQJWKV LQ WKH
ILUVW DQG VHFRQG WUDQVPLVVLRQ ZLQGRZV ���� DQG ���� QDQRPHWHUV �QP��� 7KH LQIRUPDWLRQ PD\ EH
DSSOLFDEOH IRU OLQNV RSHUDWLQJ EHWZHHQ ��� DQG ���� QP� +RZHYHU� FRPSRQHQW VSHFLILFDWLRQV DUH
QRUPDOO\ SURYLGHG LQ WKH ��� DQG ���� QP ZLQGRZV RQO\� 7KH W\SHV RI WUDQVPLWWHUV� ILEHU� DQG
UHFHLYHUV DYDLODEOH IRU XVH LQ OLQNV DUH DGGUHVVHG DV ZHOO DV WKH SHUIRUPDQFH FKDUDFWHULVWLFV RI
SDVVLYH FRPSRQHQWV ZLWKLQ WKH OLQN� ,Q PDQ\ FDVHV� WKH OLQN GHVLJQ ZLOO EH DQ LWHUDWLYH SURFHVV LQ
ZKLFK WUDGH�RIIV EHWZHHQ V\VWHP FRPSRQHQWV DUH HYDOXDWHG� )RU HDFK OLQN EHLQJ GHVLJQHG� D XQLTXH
GHVLJQ VROXWLRQ PD\ QRW H[LVW� 6HYHUDO VROXWLRQV PD\ EH WHFKQLFDOO\ YLDEOH� 7KH OLQN GHVLJQHUV PXVW
FKRRVH WKH VROXWLRQ WKDW LV EHVW VXLWHG WR WKH SDUWLFXODU DSSOLFDWLRQ�
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��� *HQHUDO� 7KH GRFXPHQWV OLVWHG LQ WKLV VHFWLRQ DUH VSHFLILHG LQ VHFWLRQV �� � DQG � RI
WKLV VWDQGDUG� 7KLV VHFWLRQ GRHV QRW LQFOXGH GRFXPHQWV FLWHG LQ RWKHU VHFWLRQV RI WKLV VWDQGDUGV RU
UHFRPPHQGHG IRU DGGLWLRQDO LQIRUPDWLRQ RU DV H[DPSOHV� :KLOH HYHU\ HIIRUW KDV EHHQ PDGH WR HQVXUH WKH
FRPSOHWHQHVV RI WKLV OLVW� GRFXPHQW XVHUV DUH FDXWLRQHG WKDW WKH\ PXVW PHHW DOO VSHFLILHG UHTXLUHPHQWV
GRFXPHQWV FLWHG LQ VHFWLRQV �� � DQG � RI WKLV VWDQGDUG� ZKHWKHU RU QRW WKH\ DUH OLVWHG�

��� *RYHUQPHQW GRFXPHQWV�

����� 6SHFLILFDWLRQV� VWDQGDUGV DQG KDQGERRNV� 7KH IROORZLQJ VSHFLILFDWLRQV� VWDQGDUGV DQG
KDQGERRNV IRUP D SDUW RI WKLV GRFXPHQW WR WKH H[WHQW VSHFLILHG KHUHLQ� 8QOHVV RWKHUZLVH VSHFLILHG�
WKH LVVXHV RI WKHVH GRFXPHQWV DUH WKRVH OLVWHG LQ WKH LVVXH RI WKH 'HSDUWPHQW RI 'HIHQVH ,QGH[ RI
6SHFLILFDWLRQV DQG 6WDQGDUGV �'2',66� DQG VXSSOHPHQW WKHUHWR� FLWHG LQ WKH VROLFLWDWLRQ �VHH �����
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0,/,7$5<

0,/�6������ � 6SOLFH� )LEHU 2SWLF &DEOH� *HQHUDO 6SHFLILFDWLRQ )RU�
0,/�6�������� � 6SOLFH� )LEHU 2SWLF� +RXVLQJ� 5RWDU\ 0HFKDQLFDO� )LEHU�
0,/�6������ � 6ZLWFKHV� )LEHU 2SWLF� 6KLSERDUG� �0HWULF�� *HQHUDO

6SHFLILFDWLRQ )RU�
0,/�6�������� � 6ZLWFK� )LEHU 2SWLF� +DUG 0RXQWHG� (OHFWULFDO

1RQODWFKLQJ� %\SDVV� 0XOWLPRGH &DEOH� 6WDQG�$ORQH
�0HWULF��

0,/�6�������� � 6ZLWFK� )LEHU 2SWLF� 1RQ�KDUG 0RXQWHG� (OHFWULFDO
1RQODWFKLQJ� %\SDVV� 0XOWLPRGH &DEOH� 6WDQG�$ORQH
�0HWULF��

0,/�,������ � ,QWHUFRQQHFWLRQ %R[� )LEHU 2SWLF� 0HWULF� *HQHUDO
6SHFLILFDWLRQ )RU�

0,/�&������ � &RQQHFWRUV� )LEHU 2SWLF� &LUFXODU� 3OXJ DQG 5HFHSWDFOH
6W\OH� 0XOWLSOH 5HPRYDEOH 7HUPLQL� *HQHUDO
6SHFLILFDWLRQ )RU�

0,/�)������ � )LEHU 2SWLFDO� �0HWULF�� *HQHUDO 6SHFLILFDWLRQ )RU�
0,/�)�������� � )LEHU� 2SWLFDO� 7\SH ,� &ODVV ,� 6L]H ,9� &RPSRVLWLRQ

$� :DYHOHQJWK %� 5DGLDWLRQ +DUGHQHG �0HWULF��
0,/�)�������� � )LEHU� 2SWLFDO� 7\SH ,,� &ODVV �� 6L]H ,,� &RPSRVLWLRQ

$� :DYHOHQJWK %� 5DGLDWLRQ +DUGHQHG �0HWULF��
0,/�&������ � &RQQHFWRUV� )LEHU 2SWLF� 6LQJOH 7HUPLQXV� *HQHUDO

6SHFLILFDWLRQ )RU�
0,/�&��������� � &RQQHFWRU� )LEHU 2SWLF� 6LQJOH 7HUPLQXV� 3OXJ� $GDSWHU

6W\OH� ��� 0LOOLPHWHUV %D\RQHW &RXSOLQJ� (SR[\�
0,/�&��������� � &RQQHFWRU� )LEHU 2SWLF� 6LQJOH 7HUPLQXV� $GDSWHU� ���

0LOOLPHWHU %D\RQHW &RXSOLQJ� %XONKHDG 3DQHO 0RXQW�
0,/�&��������� � &RQQHFWRU )LEHU 2SWLF� 6LQJOH 7HUPLQXV� $GDSWHU� ���

0LOOLPHWHU %D\RQHW &RXSOLQJ 3& 0RXQW�
0,/�&������ � &DEOHV� )LEHU 2SWLFV� �0HWULF�� *HQHUDO 6SHFLILFDWLRQ

)RU�
0,/�&��������� � &DEOH� )LEHU 2SWLF� (LJKW )LEHUV� &DEOH &RQILJXUDWLRQ

7\SH � �2)&&�� $SSOLFDWLRQ % �6KLSERDUG�� &DEOH &ODVV
60 DQG 00� �0HWULF��

0,/�&��������� � &DEOH� )LEHU 2SWLF� 2QH )LEHU� &DEOH &RQILJXUDWLRQ 7\SH
� �%XIIHUHG )LEHU�� /RRVH 7XEH� &DEOH &ODVV 60 DQG 00�
�0HWULF��

0,/�&��������� � &DEOH� )LEHU 2SWLF� )RXU )LEHUV� &DEOH &RQILJXUDWLRQ
7\SH � �2)&&�� $SSOLFDWLRQ % �6KLSERDUG�� &DEOH &ODVV
60 DQG 00� �0HWULF��

0,/�&��������� � &DEOH� )LEHU 2SWLF� 2QH )LEHU� &DEOH &RQILJXUDWLRQ 7\SH
� �%XIIHUHG )LEHU�� 7LJKW %XIIHUHG� &DEOH &ODVV 60 DQG
00� �0HWULF��

0,/�&��������� � &DEOH� )LEHU 2SWLF� (LJKW )LEHUV� (QKDQFHG 3HUIRUPDQFH�
&DEOH &RQILJXUDWLRQ 7\SH � �2)&&�� $SSOLFDWLRQ %
�6KLSERDUG�� &DEOH &ODVV 60 DQG 00� �0HWULF��

0,/�&��������� � &DEOH� )LEHU 2SWLF� )RXU )LEHUV� (QKDQFHG 3HUIRUPDQFH�
&DEOH &RQILJXUDWLRQ 7\SH � �2)&&�� $SSOLFDWLRQ %
�6KLSERDUG�� &DEOH &ODVV 60 DQG 00� �0HWULF��
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0,/,7$5< � �&RQWLQXHG�

0,/�&��������� � &DEOH� )LEHU 2SWLF� 7ZHQW\�)RXU WR 7KLUW\�6L[ )LEHUV�
&DEOH &RQILJXUDWLRQ 7\SH � �2)&&�� $SSOLFDWLRQ %
�6KLSERDUG�� &DEOH &ODVV 60 DQG 00� �0HWULF��

0,/�&��������� � &DEOH� )LEHU 2SWLF� 7ZHQW\�)RXU WR 7KLUW\�6L[ )LEHUV�
(QKDQFHG 3HUIRUPDQFH� &DEOH &RQILJXUDWLRQ 7\SH �
�2)&&�� $SSOLFDWLRQ % �6KLSERDUG�� &DEOH &ODVV 60 DQG
00� �0HWULF��

67$1'$5'6

)('(5$/

)('�67'����� � 7HOHFRPPXQLFDWLRQ� *ORVVDU\ RI 7HOHFRPPXQLFDWLRQ
7HUPV�

�8QOHVV RWKHUZLVH LQGLFDWHG� FRSLHV RI IHGHUDO DQG PLOLWDU\ VSHFLILFDWLRQV� VWDQGDUGV� DQG
KDQGERRNV DUH DYDLODEOH IURP WKH 6WDQGDUGL]DWLRQ 'RFXPHQWV 2UGHU 'HVN� ��� 5REELQV $YH� %XLOGLQJ �'�
3KLODGHOSKLD� 3$ ������������

��� 1RQ�*RYHUQPHQW SXEOLFDWLRQV� 7KH IROORZLQJ GRFXPHQWV IRUP D SDUW RI WKLV GRFXPHQW WR WKH
H[WHQW VSHFLILHG KHUHLQ� 8QOHVV RWKHUZLVH VSHFLILHG� WKH LVVXHV RI WKH GRFXPHQWV ZKLFK DUH '2'
DGRSWHG DUH WKRVH OLVWHG LQ WKH LVVXH RI WKH '2',66 FLWHG LQ WKH VROLFLWDWLRQ� 8QOHVV RWKHUZLVH
VSHFLILHG� WKH LVVXHV RI WKH GRFXPHQWV QRW OLVWHG LQ WKH '2',66 DUH WKH LVVXHV RI WKH GRFXPHQWV FLWHG
LQ WKH VROLFLWDWLRQ �VHH �����

(/(&7521,& ,1'8675,(6 $662&,$7,21�7(/(&20081,&$7,216 ,1'8675,(6 $662&,$7,21 �(,$�7,$�

(,$�7,$����� � 0RGH 3RZHU 'LVWULEXWLRQ DQG 0RGH 7UDQVIHU )XQFWLRQ
0HDVXUHPHQW

(,$�7,$�����$ � )LEHU 2SWLF 7HUPLQRORJ\�
(,$�7,$������� � )UHTXHQF\ 'RPDLQ 0HDVXUHPHQW RI 0XOWLPRGH 2SWLFDO )LEHU

,QIRUPDWLRQ 7UDQVPLVVLRQ &DSDFLW\�
(,$�7,$������� � ,QWHUFRQQHFWLRQ 'HYLFH ,QVHUWLRQ /RVV 7HVW�
(,$�7,$������� � 6SHFWUDO $WWHQXDWLRQ 0HDVXUHPHQW IRU /RQJ�/HQJWK�

*UDGHG�,QGH[ 2SWLFDO )LEHUV�
(,$�7,$������� � /LJKW /DXQFK &RQGLWLRQV IRU /RQJ�/HQJWK *UDGHG�,QGH[

2SWLFDO )LEHU 6SHFWUDO $WWHQXDWLRQ 0HDVXUHPHQWV�
(,$�7,$������� � 3XOVH 'LVWRUWLRQ 0HDVXUHPHQW RI 0XOWLPRGH *ODVV 2SWLFDO

)LEHU ,QIRUPDWLRQ 7UDQVPLVVLRQ &DSDFLW\�
(,$�7,$������� � 0RGH 6FUDPEOHU 5HTXLUHPHQWV IRU 2YHUILOOHG /DXQFKLQJ

&RQGLWLRQV WR 0XOWLPRGH )LEHUV�
(,$�7,$�������� � 6SHFWUDO &KDUDFWHUL]DWLRQ RI /('V�
(,$�7,$�������� � 6SHFWUDO &KDUDFWHUL]DWLRQ RI 0XOWLPRGH /DVHU 'LRGHV�
(,$�7,$�������� � &KURPDWLF 'LVSHUVLRQ 0HDVXUHPHQW RI 0XOWLPRGH *UDGHG�

,QGH[ DQG 6LQJOH�0RGH 2SWLFDO )LEHUV E\ 6SHFWUDO *URXS
'HOD\ 0HDVXUHPHQW LQ WKH 7LPH 'RPDLQ�

(,$�7,$�������� � 1XPHULFDO $SHUWXUH 0HDVXUHPHQW RI *UDGHG�,QGH[ 2SWLFDO
)LEHUV�

(,$�7,$�������� � 0HDVXUHPHQW RI WKH 2SWLFDO 7UDQVIHU &RHIILFLHQWV RI D
3DVVLYH %UDQFKLQJ 'HYLFH �&RXSOHU��

(,$�7,$������ � 2SWLFDO (\H 3DWWHUQ 0HDVXUHPHQW 3URFHGXUH�
(,$�7,$������� � 0HDVXUHPHQW RI 'LVSHUVLRQ 3RZHU 3HQDOW\ LQ 'LJLWDO

6LQJOH�0RGH 6\VWHPV�
(,$�7,$������� � 0HDVXUHPHQW RI 6LQJOH�5HIOHFWLRQ 3RZHU 3HQDOW\ IRU

)LEHU 2SWLF 7HUPLQDO (TXLSPHQW�
(,$�7,$������� � 2SWLFDO 3RZHU /RVV 0HDVXUHPHQWV RI ,QVWDOOHG 0XOWLPRGH

)LEHU &DEOH 3ODQW�
(,$�7,$������� � -LWWHU 7UDQVIHU )XQFWLRQ 0HDVXUHPHQW�
(,$�7,$������� � 2XWSXW -LWWHU 0HDVXUHPHQW�
(,$�7,$������� � 6\VWHPDWLF -LWWHU *HQHUDWLRQ 0HDVXUHPHQW�

�$SSOLFDWLRQ IRU FRSLHV VKRXOG EH DGGUHVVHG WR WKH (,$�7,$� (QJLQHHULQJ 'HSDUWPHQW� ����
3HQQV\OYDQLD $YHQXH� :DVKLQJWRQ� '& �������

�1RQ�*RYHUQPHQW VWDQGDUGV DQG RWKHU SXEOLFDWLRQV DUH QRUPDOO\ DYDLODEOH IURP WKH RUJDQL]DWLRQV
WKDW SUHSDUH RU GLVWULEXWH WKH GRFXPHQWV� 7KHVH GRFXPHQWV DOVR PD\ EH DYDLODEOH LQ RU WKURXJK
OLEUDULHV RU RWKHU LQIRUPDWLRQDO VHUYLFHV��
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��� 2UGHU RI SUHFHGHQFH� ,Q WKH HYHQW RI FRQIOLFW EHWZHHQ WKH WH[W RI WKLV GRFXPHQW DQG WKH
UHIHUHQFHV FLWHG KHUHLQ� WKH WH[W RI WKLV GRFXPHQW WDNHV SUHFHGHQFH� 1RWKLQJ LQ WKLV GRFXPHQW�
KRZHYHU� VKDOO VXSHUVHGH DSSOLFDEOH ODZV DQG UHJXODWLRQV XQOHVV D VSHFLILF H[HPSWLRQ KDV EHHQ
REWDLQHG�
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�� '(),1,7,216

��� *HQHUDO ILEHU RSWLFV WHUPV� 'HILQLWLRQV IRU WKH ILEHU RSWLF WHUPV XVHG LQ WKLV VWDQGDUG
DUH LQ DFFRUGDQFH ZLWK (,$�����$ )LEHU 2SWLF 7HUPLQRORJ\� 'HILQLWLRQV IRU JHQHUDO WHOHFRPPXQLFDWLRQV
WHUPV XVHG LQ WKLV VWDQGDUG DUH LQ DFFRUGDQFH ZLWK )('�67'����� *ORVVDU\ RI 7HOHFRPPXQLFDWLRQV 7HUPV�
'HILQLWLRQV IRU RWKHU WHUPV DV WKH\ DUH XVHG LQ WKLV VWDQGDUG DUH JLYHQ LQ WKH IROORZLQJ SDUDJUDSKV�

����� &DEOH WUDQVLHQW ORVV� 7KH GLIIHUHQFH EHWZHHQ WKH WRWDO FDEOH DWWHQXDWLRQ IRU DQ
RYHUILOOHG ODXQFK DQG WKH WRWDO FDEOH DWWHQXDWLRQ IRU D UHVWULFWHG ODXQFK DORQJ WKH OHQJWK RI WKH
FDEOH�

����� )DLOXUH UDWH� 7KH H[SHFWHG QXPEHU RI IDLOXUHV RI D FRPSRQHQW RU OLQN LQ D JLYHQ WLPH
SHULRG� 7KH IDLOXUH UDWH LV UHSUHVHQWHG E\ ��

����� )LEHU�FDEOH H[LW EDQGZLGWK� 7KH YDOXH QXPHULFDOO\ HTXDO WR WKH ORZHVW IUHTXHQF\ DW
ZKLFK WKH PDJQLWXGH RI WKH PRGXODWLRQ WUDQVIHU IXQFWLRQ RI WKH FRPELQDWLRQ RI WKH RSWLFDO VRXUFH DQG
RSWLFDO ILEHU GHFUHDVHV WR RQH�KDOI RI WKH ]HUR IUHTXHQF\ YDOXH�

����� )LEHU RSWLF FDEOH SODQW �)2&3�� 7KH ILEHU RSWLF FDEOH SODQW LV WKH SRUWLRQ RI WKH
ILEHU RSWLF WRSRORJ\ PDGH XS RI WKH WUXQN FDEOHV DQG LQWHUFRQQHFWLRQ ER[HV�

����� )LEHU RSWLF FDEOH WRSRORJ\� 7KH ILEHU RSWLF FDEOH WRSRORJ\ FRQVLVWV RI ILEHU RSWLF
LQWHUFRQQHFWLRQ ER[HV� RXWOHWV� WUXQN DQG ORFDO FDEOHV DQG WKH FRQQHFWRUV DQG VSOLFHV XVHG WR
LQWHUFRQQHFW WKH WUXQN DQG ORFDO FDEOHV�

����� )LEHU RSWLF ORFDO FDEOH� $ ILEHU RSWLF ORFDO FDEOH SURYLGHV D FRQWLQXRXV RSWLFDO SDWK
EHWZHHQ DQ LQWHUFRQQHFWLRQ ER[ DQG DQ HQG XVHU HTXLSPHQW RU DQ RXWOHW� RU EHWZHHQ DQ LQWHUFRQQHFWLRQ
ER[ RU DQ RXWOHW DQG DQ HQG XVHU HTXLSPHQW� DQG LV W\SLFDOO\ QRW UXQ WKURXJK WKH PDLQ FDEOHZD\V�

����� )LEHU RSWLF WUXQN FDEOH� $ ILEHU RSWLF WUXQN FDEOH SURYLGHV D FRQWLQXRXV RSWLFDO SDWK
EHWZHHQ WZR ILEHU RSWLF LQWHUFRQQHFWLRQ ER[HV LQ WKH )2&3� 7\SLFDOO\� WUXQN FDEOHV DUH UXQ LQ WKH
PDLQ FDEOHZD\V DQG KDYH KLJKHU ILEHU FRXQWV SHU FDEOH WKDQ ORFDO FDEOHV�

����� 2XWOHW� $Q RXWOHW LV D ILEHU RSWLF LQWHUFRQQHFWLRQ ER[ XVHG WR VSOLW RXW D ORFDO FDEOH
WR VHYHUDO ORFDO FDEOHV ZLWKLQ D FRPSDUWPHQW RU DUHD�

��� $FURQ\PV� 7KH IROORZLQJ DFURQ\PV DUH XVHG LQ WKLV VWDQGDUG�

D� $0, $OWHUQDWH 0DUN ,QYHUWHG
E� $3& $XWRPDWLF 3RZHU &RQWURO
F� $3' $YDODQFKH 3KRWRGLRGH
G� %(5 %LW (UURU 5DWH
H� %: %DQGZLGWK
I� &35 &RXSOHG 3RZHU 5DWLR
J� G% GHFLEHOV
K� G%P GHFLEHOV UHIHUHQFHG WR RQH PLOOLZDWW
L� ',3 'XDO ,QOLQH 3DFNDJH
M� '2',66 'HSDUWPHQW RI 'HIHQVH ,QGH[ RI 6SHFLILFDWLRQV DQG 6WDQGDUGV
N� (&/ (PLWWHU &RXSOHG /RJLF
O� (,$ (OHFWURQLFV ,QGXVWULHV $VVRFLDWLRQ
P� (/(' (GJH (PLWWLQJ /LJKW (PLWWLQJ 'LRGH
Q� )%7 )XVHG %LFRQLFDO 7DSHU
R� )'', )LEHU 'LVWULEXWHG 'DWD ,QWHUIDFH
S� )(7 )LHOG (IIHFW 7UDQVLVWRU
T� )2&3 )LEHU 2SWLF &DEOH 3ODQW
U� ):+0 )XOO :LGWK +DOI 0D[LPXP
V� /$1 /RFDO $UHD 1HWZRUN
W� /(' /LJKW (PLWWLQJ 'LRGH
X� 031 0RGH 3DUWLWLRQ 1RLVH
Y� 03' 0RGH 3RZHU 'LVWULEXWLRQ
Z� 07%) 0HDQ 7LPH %HIRUH )DLOXUH
[� 1$ 1XPHULFDO $SHUWXUH
\� 15= 1RQ�5HWXUQ WR =HUR
]� 2' 2XWVLGH 'LDPHWHU
DD� 2)&& 2SWLFDO )LEHU &DEOH &RPSRQHQW
DE� 2)/ 2YHUILOOHG /DXQFK
DF� 27'5 2SWLFDO 7LPH 'RPDLQ 5HIOHFWRPHWHU
DG� 3& 3K\VLFDO &RQWDFW
DH� 3,1 3RVLWLYH ,QWULQVLF 1HJDWLYH
DI� 3,1)(7 3RVLWLYH ,QWULQVLF 1HJDWLYH )LHOG (IIHFW 7UDQVLVWRU
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DJ� 506 5RRW 0HDQ 6TXDUH
DK� 5= 5HWXUQ WR =HUR
DL� 5=�3'0 5HWXUQ WR =HUR 3XOVH 'XUDWLRQ 0RGXODWLRQ
DM� 5=�330 5HWXUQ WR =HUR 3XOVH 3RVLWLRQ 0RGXODWLRQ
DN� 6$)(1(7 6XUYLYDEOH $GDSWDEOH )LEHU 2SWLF (PEHGGHG 1HWZRUN
DO� 6,3 6LQJOH ,QOLQH 3DFNDJH
DP� 6/' 6XSHUOXPLQHVFHQW /LJKW (PLWWLQJ 'LRGH
DQ� 6/(' 6XUIDFH (PLWWLQJ /LJKW (PLWWLQJ 'LRGH
DR� 615 6LJQDO WR 1RLVH 5DWLR
DS� 65 6LQJOH 5HIOHFWLRQ
DT� 7( 7KHUPRHOHFWULF
DU� 7,$ 7HOHFRPPXQLFDWLRQV ,QGXVWU\ $VVRFLDWLRQ
DV� 72 7UDQVLVWRU 2XWOLQH
DW� 77/ 7UDQVLVWRU�7UDQVLVWRU /RJLF
DX� :'0 :DYHOHQJWK 'LYLVLRQ 0XOWLSOH[LQJ

��� 'HVLJQ HTXDWLRQ YDULDEOHV� 7KH IROORZLQJ YDULDEOHV DUH XVHG LQ WKLV VWDQGDUG�

D� W � WUDQVPLWWHU ULVH WLPHV

E� %: � WUDQVPLWWHU �� G% EDQGZLGWKV����

F� %: � HVWLPDWHG FDEOH PRGDO EDQGZLGWKP����

G� %: � QRUPDOL]HG ILEHU PRGDO EDQGZLGWK ��� G%� PHDVXUHG E\ WKH ILEHUPF

PDQXIDFWXUHU�
H� / � LQVWDOOHG ILEHU OHQJWKF

I� � � ILEHU OHQJWK VFDOLQJ IDFWRU
J� W � WKH ULVH WLPH DVVRFLDWHG ZLWK WKH ILUVW RUGHU ILEHU FKURPDWLFFG�

GLVSHUVLRQ LPSXOVH UHVSRQVH
K� ) � WUDQVPLWWHU 506 VSHFWUDO ZLGWK

�

L� ' � ILEHU GLVSHUVLRQ DW WKH WUDQVPLWWHU FHQWHU ZDYHOHQJWK
M� W � ULVH WLPH DVVRFLDWHG ZLWK WKH VHFRQG RUGHU ILEHU FKURPDWLFFG�

GLVSHUVLRQ LPSXOVH UHVSRQVH
N� 6 � ILEHU GLVSHUVLRQ VORSH DW WKH WUDQVPLWWHU FHQWHU ZDYHOHQJWK
O� � � ILEHU ]HUR GLVSHUVLRQ ZDYHOHQJWK�

P� � � WUDQVPLWWHU FHQWHU ZDYHOHQJWKF

Q� 6 � ILEHU GLVSHUVLRQ VORSH DW WKH ILEHU ]HUR GLVSHUVLRQ ZDYHOHQJWK�

R� � � WKH ):+0 FHQWHU ZDYHOHQJWK RI WKH VRXUFH):+0

S� ) � WKH ):+0 VSHFWUDO ZLGWK RI WKH VRXUFH):+0

T� W � UHFHLYHU ULVH WLPHU

U� %: � UHFHLYHU �� G% EDQGZLGWKU����

V� W � WRWDO RSWLFDO OLQN ULVH WLPH7

W� %: � WRWDO RSWLFDO OLQN �� G% EDQGZLGWK7����

X� ( � ELW UDWH WR EDXG FRQYHUVLRQ IDFWRU
Y� %: � ILEHU�FDEOH H[LW EDQGZLGWKH[����

Z� / � FDOFXODWHG FRPSRQHQW ORVV YDOXH[

[� / � FRPSRQHQW 2)/ ORVV YDOXH[�2)/�

\� / � FRPSRQHQW 5(6 ORVV YDOXH[�5(6�

]� 5 � FRXSOHG SRZHU UDWLR6

DD� 5 � UHVWULFWHG ODXQFK SRZHU5(6

DE� 5 � RYHUILOO ODXQFK SRZHU2)/

DF� . � VRXUFH�ILEHU PRGH SRZHU GLVWULEXWLRQ FRQVWDQW
DG� 7 � WUDQVLHQW FDEOH ORVV
DH� 3 � PHDQ WUDQVPLWWHU RXWSXW SRZHU7

DI� ) � VWDQGDUG GHYLDWLRQ RI WKH WUDQVPLWWHU RXWSXW SRZHU7

DJ� 3 � PHDQ UHFHLYHU VHQVLWLYLW\5

DK� ) � VWDQGDUG GHYLDWLRQ RI WKH UHFHLYHU VHQVLWLYLW\5

DL� 0 � VDIHW\ PDUJLQ IRU XQH[SHFWHG ORVVHV
DM� � � PHDQ HQYLURQPHQWDO PDUJLQ IRU DGYHUVH RSHUDWLQJ FRQGLWLRQV(

DN� ) � VWDQGDUG GHYLDWLRQ RI WKH HQYLURQPHQWDO PDUJLQ IRU DGYHUVH(

RSHUDWLQJ FRQGLWLRQV
DO� $ � DGMXVWPHQWV WR WKH OLQN ORVV EXGJHW
DP� O � WRWDO MXPSHU FDEOH OHQJWKMF

DQ� � � PHDQ MXPSHU FDEOH DWWHQXDWLRQMF

DR� ) � VWDQGDUG GHYLDWLRQ RI WKH MXPSHU FDEOH DWWHQXDWLRQMF

DS� O � WRWDO PXOWLILEHU FDEOH OHQJWK7

DT� � � PHDQ PXOWLILEHU FDEOH DWWHQXDWLRQF

DU� ) � VWDQGDUG GHYLDWLRQ RI WKH PXOWLILEHU FDEOH DWWHQXDWLRQF

DV� � � WKH PD[LPXP GLIIHUHQFH LQ WKH PHDQ FDEOH DWWHQXDWLRQ IURP WKH
�

PDQXIDFWXUHU
V PHDVXUHG YDOXH RYHU WKH WUDQVPLWWHU
V FHQWHU
ZDYHOHQJWK UDQJH

DW� 1 � WKH WRWDO QXPEHU RI FRQQHFWRUVFR
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DX� � � PHDQ FRQQHFWRU ORVVFR

DY� ) � VWDQGDUG GHYLDWLRQ RI WKH FRQQHFWRU ORVVFR

DZ� 1 � WKH WRWDO QXPEHU RI VSOLFHVV

D[� � � WKH PHDQ VSOLFH ORVVV

D\� ) � VWDQGDUG GHYLDWLRQ RI WKH VSOLFH ORVVV

D]� 1 � QXPEHU RI RWKHU SDVVLYH GHYLFHV RI RQH W\SHR

ED� � � PHDQ ORVV RI RWKHU SDVVLYH GHYLFHV RI RQH W\SHR

EE� ) � VWDQGDUG GHYLDWLRQ RI WKH RWKHU SDVVLYH GHYLFHV RI RQH W\SHR

EF� 3 � PD[LPXP SRZHU DYDLODEOH DW WKH UHFHLYHU5PD[

EG� 3 � GLVSHUVLRQ SRZHU SHQDOW\'

EH� 3 � PRGH SDUWLWLRQ QRLVH SHQDOW\031

EI� '- � WRWDO GHWHUPLQLVWLF MLWWHU7

EJ� '- � LQSXW GHWHUPLQLVWLF MLWWHULQ

EK� '- � WUDQVPLWWHU GHWHUPLQLVWLF MLWWHU7;

EL� '- � ILEHU GHWHUPLQLVWLF MLWWHUI

EM� '- � UHFHLYHU GHWHUPLQLVWLF MLWWHU5;

EN� 5- � WRWDO UDQGRP MLWWHU7

EO� 5- � LQSXW UDQGRP MLWWHULQ

EP� 5- � WUDQVPLWWHU UDQGRP MLWWHU7;

EQ� 5- � UHFHLYHU UDQGRP MLWWHU5;

ER� W � ILEHU�FDEOH H[LW ULVH WLPHH[

ES� - � WRWDO RXWSXW MLWWHU7

ET� % � WHPSHUDWXUH GHUDWLQJ IDFWRU7

EU� % � TXDOLW\ GHUDWLQJ IDFWRU4

EV� � � ILEHU RSWLF FDEOH� OLJKW GXW\ FRQQHFWRU� KHDY\ GXW\ FRQQHFWRU�S

VLQJOH ILEHU VSOLFH� FDEOH VSOLFH� RU RSWLFDO VZLWFK� IDLOXUH
UDWH

EW� � � EDVH RSWLFDO ILEHU IDLOXUH UDWHE

EX� % � HQYLURQPHQWDO GHUDWLQJ IDFWRU(

EY� % � QXPEHU RI ILEHUV LQ WKH FDEOHQ

EZ� % � PDWLQJ�XQPDWLQJ GHUDWLQJ IDFWRU.

E[� % � DFWLYH WHUPLQL GHUDWLQJ IDFWRUS

E\� % � QXPEHU RI VZLWFK VWDWHVF
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),*85( �� 2SWLFDO ILEHU VWUXFWXUH�

),*85( �� 7\SLFDO LQGH[ SURILOH IRU JUDGHG LQGH[ PXOWLPRGH ILEHU�

�� *(1(5$/ 5(48,5(0(176

��� *HQHUDO� 7KLV VHFWLRQ SURYLGHV JHQHUDO UHTXLUHPHQWV IRU GHVLJQLQJ D ILEHU RSWLF V\VWHP�
*HQHUDO LQIRUPDWLRQ IRU WKRVH OLQN GHVLJQHUV ZKR PD\ QRW EH IDPLOLDU ZLWK WKH SHUIRUPDQFH GHWDLOV RI
WKH 1DY\ VWDQGDUG ILEHU RSWLF FRPSRQHQWV DQG RWKHU FRPPHUFLDOO\ DYDLODEOH ILEHU RSWLF FRPSRQHQWV LV
SURYLGHG LQ ���� *XLGDQFH DQG UHTXLUHPHQWV IRU WKH SK\VLFDO GHVLJQ RI HTXLSPHQW ZLWK LQWHUQDO ILEHU
RSWLF OLQNV DQG H[WHUQDO ILEHU RSWLF LQWHUIDFHV DUH JLYHQ LQ ��� DQG ����

��� 2SWLFDO ILEHUV DQG ILEHU RSWLF FRPSRQHQWV�

����� 2SWLFDO ILEHU� 7KLV VHFWLRQ SURYLGHV D JHQHUDO FRPSDULVRQ RI VHYHUDO GLIIHUHQW
VWDQGDUG PXOWLPRGH ILEHU VL]HV� 6LQFH WKH RSWLFDO ILEHU XVHG LQ W\SLFDO ILEHU RSWLF OLQNV LV LQ
FDEOHG IRUP� WKH SHUIRUPDQFH YDOXHV GLVFXVVHG LQ WKLV VHFWLRQ DUH UHSUHVHQWDWLYH RI FDEOHG ILEHUV DQG
ZLOO EH H[SOLFLWO\ QRWHG DV VXFK�

������� &RQVWUXFWLRQ� 7KH EDVLF VWUXFWXUH RI DQ RSWLFDO ILEHU FRQVLVWV RI D FHQWHU FRUH
ZKLFK LV VXUURXQGHG E\ DQ RXWHU OD\HU FDOOHG WKH FODGGLQJ �VHH ILJXUH ��� 7KH FRUH DQG FODGGLQJ
PDWHULDOV FRQVWLWXWH WKH OLJKW�JXLGLQJ VWUXFWXUH� 7KH FODGGLQJ PDWHULDO KDV D ORZHU LQGH[ RI
UHIUDFWLRQ WKDQ WKDW RI WKH FHQWHU FRUH PDWHULDO WR DFKLHYH LQWHUQDO UHIOHFWLRQ RI WKH OLJKW UD\V�
7KH FODGGLQJ PD\ EH FRDWHG ZLWK RWKHU PDWHULDOV �JHQHUDOO\ SRO\PHUV� WR SURYLGH SK\VLFDO SURWHFWLRQ�
LQFUHDVHG SURGXFW VWUHQJWK� RU LVRODWLRQ IURP H[WHUQDO PHFKDQLFDO IRUFHV DQG PRLVWXUH� )LEHUV FRDWHG
ZLWK WKLV DGGLWLRQDO PDWHULDO DUH FDOOHG EXIIHUHG ILEHUV� 7KH 1DY\ VWDQGDUG VL]H IRU EXIIHUHG ILEHUV
LV ��� PLFURPHWHUV ��P�� )RU VLQJOH PRGH ILEHU� WKH FRUH KDV D FRQVWDQW LQGH[ RI UHIUDFWLRQ RYHU WKH
HQWLUH FRUH DUHD� )RU PXOWLPRGH ILEHU� WKH LQGH[ RI UHIUDFWLRQ RI WKH FRUH JODVV PD\ EH FRQVWDQW
�VWHS LQGH[ ILEHUV� RU PD\ YDU\ RYHU WKH FRUH DUHD �JUDGHG LQGH[ ILEHUV�� )RU JUDGHG LQGH[ PXOWLPRGH
RSWLFDO ILEHUV� WKH FRUH KDV D JUDGXDWHG LQGH[ RI UHIUDFWLRQ ZKLFK LV KLJKHVW DW WKH FHQWHU RI WKH
FRUH DQG HTXDO WR WKH LQGH[ RI UHIUDFWLRQ RI WKH FODGGLQJ DW WKH FRUH�FODGGLQJ LQWHUIDFH� )RU D
JUDGHG LQGH[ PXOWLPRGH RSWLFDO ILEHU� D SORW RI WKH LQGH[ RI UHIUDFWLRQ YHUVXV UDGLDO SRVLWLRQ �FDOOHG
DQ LQGH[ SURILOH� LV DSSUR[LPDWHO\ SDUDEROLF� 7KH H[DFW VKDSH RI WKH LQGH[ SURILOH LV FRQWUROOHG E\
WKH ILEHU PDQXIDFWXUHU WR PD[LPL]H WKH EDQGZLGWK RI WKH PXOWLPRGH ILEHU �VHH ILJXUH ���

������� 5HODWLYH SHUIRUPDQFH FKDUDFWHULVWLFV� $ QXPEHU RI ILEHU VL]HV DUH FRPPHUFLDOO\
DYDLODEOH� EXW RQO\ WZR DUH UHFRJQL]HG DV VWDQGDUG VL]HV E\ WKH 1DY\� 7KHVH DUH WKH ���� �P FRUH
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PXOWLPRGH ILEHU �0,/�)��������� DQG WKH ��� WR ���� �P VLQJOH PRGH ILEHU �0,/�)���������� 7KH 1DY\
VWDQGDUG ILEHUV DQG WKH PRVW ZLGHO\ XVHG FRPPHUFLDO ILEHU VL]HV DUH VKRZQ LQ WDEOH ,�

7$%/( ,� 1DY\ VWDQGDUG DQG FRPPHUFLDO ILEHU VL]HV�

&RUH 'LDPHWHU ��P� &ODGGLQJ 'LDPHWHU 1XPHULFDO
��P� $SHUWXUH

��� WR ���� �1DY\ VWDQGDUG� VLQJOH PRGH� ��� 1�$

�� �&RPPHUFLDO� ��� ����

���� �1DY\ VWDQGDUG� PXOWLPRGH� ��� �����

��� �&RPPHUFLDO� ��� ����

��������� 6LQJOH PRGH ILEHU� 7KH VLQJOH PRGH ILEHU LV WKH PRVW ZLGHO\ XVHG ILEHU LQ WKH
FRPPHUFLDO WHOHSKRQH WUXQN PDUNHW� :KHQ XVHG ZLWK D ODVHU VRXUFH� WKLV ILEHU KDV DQ H[WUHPHO\ KLJK
EDQGZLGWK FDSDELOLW\ �PDQ\ WLPHV WKDW RI DQ\ PXOWLPRGH ILEHU�� +RZHYHU� WKH XVH RI WKLV VL]H ILEHU
UHTXLUHV D ODVHU VRXUFH ZKLFK PD\ EH XQGHVLUDEOH LQ VRPH FDVHV �VHH ����������� $GGLWLRQDOO\� WKLV
ILEHU KDV KLJKHU FRQQHFWLRQ ORVVHV �GHVSLWH UHTXLULQJ WLJKWHU WROHUDQFHV RQ FRQQHFWLRQ KDUGZDUH��

��������� �������� �P PXOWLPRGH ILEHU� 7KH �������� �P ILEHU LV WKH 1DY\ VWDQGDUG PXOWLPRGH
ILEHU� 7KLV ILEHU KDV PXFK ORZHU EHQG VHQVLWLYLW\ WKDQ RWKHU ILEHU VL]HV ZKLOH VWLOO KDYLQJ D
UHODWLYHO\ KLJK QXPHULFDO DSHUWXUH� ORZ FDEOHG DWWHQXDWLRQ UDWH ���� GHFLEHOV SHU NLORPHWHU �G%�NP�
W\SLFDO DW ���� QP�� DQG KLJK PRGDO EDQGZLGWK ���� PHJDKHUW] �0+]�#NP W\SLFDO DW ���� QP��

��������� ������ �P PXOWLPRGH ILEHU� 7KH ������ �P ILEHU KDV WKH KLJKHVW PRGDO EDQGZLGWK
����� 0+]�NP W\SLFDO DW ���� QP�� 7KLV ILEHU ZDV WKH ILUVW WR EH XVHG LQ WKH WHOHSKRQH QHWZRUN DQG LV
XVHG SULPDULO\ LQ ORQJHU GLVWDQFH DSSOLFDWLRQV LQ SULYDWH�SUHPLVH QHWZRUNV� 7KH SULPDU\ GLVDGYDQWDJHV
RI WKLV ILEHU VL]H DUH ORZ QXPHULFDO DSHUWXUH� KLJKHU FRQQHFWRU ORVVHV DQG PRGHUDWH EHQG VHQVLWLYLW\�

��������� ������� �P PXOWLPRGH ILEHU� 7KH ������� �P ILEHU KDV WKH ORZHVW FRXSOLQJ ORVVHV WR
/(' VRXUFHV DQG UHTXLUHV WKH OHDVW SUHFLVLRQ IRU FRQQHFWRUV DQG VSOLFHV� ,W LV W\SLFDOO\ XVHG IRU
VKRUW�OHQJWK FRPSXWHU OLQNV DQG QHWZRUNV� 7KH SULPDU\ GLVDGYDQWDJHV RI WKLV ILEHU VL]H DUH WKH ORZ
PRGDO EDQGZLGWK ���� 0+]�NP W\SLFDO DW ���� QP� DQG PRGHUDWH EHQG VHQVLWLYLW\� $OVR� WKH ������� �P
ILEHU UHTXLUHV GLIIHUHQW VL]HG FRQQHFWRUV DQG VSOLFHV WKDQ WKH RWKHU ILEHUV EHFDXVH RI LWV ODUJHU
GLDPHWHU�

��������� 3HUIRUPDQFH FRPSDULVRQ� 7KH UHODWLYH SHUIRUPDQFH FKDUDFWHULVWLFV RI WKH 1DY\
VWDQGDUG DQG FRPPRQ FRPPHUFLDO PXOWLPRGH ILEHU VL]HV FDQ EH VXPPDUL]HG DV VKRZQ LQ WDEOH ,,� 7KH
OLPLWV VKRZQ LQ WDEOH ,, DUH W\SLFDO YDOXHV IRU FDEOHG ILEHU SHUIRUPDQFH� 6HYHUDO JUDGHV RI ILEHU
RSWLF FDEOHV ZLWK GLIIHUHQW DWWHQXDWLRQ UDWHV DQG EDQGZLGWK FDQ EH DFTXLUHG IURP FDEOH PDQXIDFWXUHUV�
7KH W\SLFDO SHUIRUPDQFH RI WKH 1DY\ VWDQGDUG PXOWLPRGH RSWLFDO ILEHU PD\ EH GLIIHUHQW WKDQ WKH OLPLWV
LQ WDEOH ,,� $GGLWLRQDO LQIRUPDWLRQ RQ WKH UHODWLYH SHUIRUPDQFH RI GLIIHUHQW PXOWLPRGH ILEHU VL]HV
FDQ EH IRXQG LQ ���D� E DQG F�

7$%/( ,,� &DEOHG PXOWLPRGH RSWLFDO ILEHU SHUIRUPDQFH FRPSDULVRQ�

$WWULEXWH

)LEHU 6L]H

������ �P �������� �P ������� �P

��� QP ���� ��� QP ���� QP ��� QP ����
QP QP

7\SLFDO &DEOHG )LEHU $WWHQXDWLRQ
�G%�NP� ��� ��� ��� ��� ��� ���

%HQG 6HQVLWLYLW\ $YHUDJH %HVW :RUVW

7\SLFDO &DEOHG )LEHU 0RGDO
%DQGZLGWK �0+]�NP� ��� ���� ��� ��� ��� ���

$OLJQPHQW 6HQVLWLYLW\ DQG ,QSXW
&RXSOLQJ (IILFLHQF\ :RUVW *RRG %HVW
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),*85( �� 7\SLFDO FDEOHG RSWLFDO ILEHU VSHFWUDO DWWHQXDWLRQ�

127(� :KHQ RSWLFDO ILEHUV DUH PDQXIDFWXUHG� WKHLU EDQGZLGWK LV PHDVXUHG DQG WKH ILEHUV VRUWHG LQWR
JURXSV �UHIHUUHG WR DV FHOOV� EDVHG RQ WKH PHDVXUHG EDQGZLGWK� 7KH ILEHU PDQXIDFWXUHU
ZDUUDQWV WKDW DQ\ SURGXFW ZLWKLQ D FHOO ZLOO PHHW WKH PLQLPXP EDQGZLGWK VSHFLILHG IRU WKDW
SDUWLFXODU FHOO� ,Q PDQ\ FDVHV� WKH EDQGZLGWK VSHFLILHG IRU D FDEOHG ILEHU LV WKH PLQLPXP
VSHFLILHG EDQGZLGWK IRU WKH EDQGZLGWK FHOO WR ZKLFK WKH ILEHU EHORQJHG DQG PD\ EH ORZHU WKDQ
WKH DFWXDO EDQGZLGWK RI WKH FDEOHG ILEHU� %DQGZLGWK FDOFXODWLRQV �VHH VHFWLRQ �� EDVHG RQ
ILEHU EDQGZLGWK FHOO PLQLPXP VSHFLILFDWLRQV ZLOO \LHOG FRQVHUYDWLYH OLQN EDQGZLGWK
SUHGLFWLRQV�

������� )LEHU DWWULEXWHV� 7KHUH DUH VL[ ILEHU UHODWHG DWWULEXWHV ZKLFK DIIHFW V\VWHP
SHUIRUPDQFH� FRXSOLQJ HIILFLHQF\ WR WKH RSWLFDO VRXUFH DQG GHWHFWRU� DWWHQXDWLRQ UDWH� EHQG
VHQVLWLYLW\� DOLJQPHQW VHQVLWLYLW\ DW ILEHU FRQQHFWLRQV� FKURPDWLF GLVSHUVLRQ DQG PRGDO EDQGZLGWK�

��������� $WWHQXDWLRQ� 7KH DWWHQXDWLRQ RI D ILEHU LV D IXQFWLRQ RI ZDYHOHQJWK� )RU
PXOWLPRGH ILEHU OLQNV� RSHUDWLQJ ZDYHOHQJWKV LQ WKH ILUVW WUDQVPLVVLRQ ZLQGRZ ���� � �� QP� DQG WKH
VHFRQG WUDQVPLVVLRQ ZLQGRZ ����� � �� QP� DUH W\SLFDOO\ XVHG� ,Q VLQJOH PRGH ILEHU OLQNV� RSHUDWLQJ
ZDYHOHQJWKV LQ WKH VHFRQG WUDQVPLVVLRQ ZLQGRZ DQG WKH WKLUG WUDQVPLVVLRQ ZLQGRZ ����� � �� QP� DUH
W\SLFDOO\ XVHG� 7KH VHFRQG WUDQVPLVVLRQ ZLQGRZ LV WKH VWDQGDUG ZLQGRZ IRU 1DY\ FRPPXQLFDWLRQ OLQNV
IRU HLWKHU PXOWLPRGH RU VLQJOH PRGH ILEHU� $ W\SLFDO VSHFWUDO DWWHQXDWLRQ FXUYH IRU D FDEOHG ILEHU LV
VKRZQ LQ ILJXUH ��

��������� )LEHU GLVWRUWLRQ� )RU PXOWLPRGH ILEHU� WKH ILEHU GLVWRUWLRQ LV D IXQFWLRQ RI WKH
PRGDO GLVWRUWLRQ �PRGDO EDQGZLGWK�� WKH FKURPDWLF GLVSHUVLRQ �VHH ���� DQG WKH VRXUFH VSHFWUDO ZLGWK�
)RU VLQJOH PRGH ILEHU� WKH ILEHU GLVWRUWLRQ LV D IXQFWLRQ RI WKH FKURPDWLF GLVSHUVLRQ DQG WKH VRXUFH
VSHFWUDO ZLGWK� 7KH FKURPDWLF GLVSHUVLRQ RI D PXOWLPRGH ILEHU KDV D ]HUR GLVSHUVLRQ ZDYHOHQJWK LQ WKH
���� QP ZLQGRZ �VHH ILJXUH ��� 7KH FKURPDWLF GLVSHUVLRQ RI D VWDQGDUG VLQJOH PRGH ILEHU KDV D ]HUR
GLVSHUVLRQ ZDYHOHQJWK LQ WKH VHFRQG ZLQGRZ EHWZHHQ ���� DQG ���� QP� 7KH ILEHU GLVWRUWLRQ FDQ EH
PLQLPL]HG E\ GRLQJ RQH RU PRUH RI WKH IROORZLQJ� XVLQJ DQ RSHUDWLQJ ZDYHOHQJWK UHJLRQ QHDU WKLV ]HUR
FKURPDWLF GLVSHUVLRQ SRLQW� PLQLPL]LQJ WKH FDEOH OHQJWK� PLQLPL]LQJ WKH VRXUFH
V PD[LPXP VSHFWUDO
ZLGWK� RU XWLOL]LQJ D KLJKHU EDQGZLGWK ILEHU �VHH �����

������� $SSOLFDELOLW\� 2SWLFDO ILEHUV XVHG LQ 1DY\ WDFWLFDO DSSOLFDWLRQV VKDOO EH LQ
DFFRUGDQFH ZLWK 0,/�)������� 0,/�)�������� DQG 0,/�)��������� $OO PXOWLPRGH ILEHUV XVHG LQ 1DY\
QRQWDFWLFDO DSSOLFDWLRQV VKDOO EH �������� �P PXOWLPRGH ILEHU�

����� )LEHU RSWLF FDEOH� 7KH GHVLJQ RI D ILEHU RSWLF FDEOH LQIOXHQFHV RSWLFDO SHUIRUPDQFH�
HQYLURQPHQWDO DQG PHFKDQLFDO SHUIRUPDQFH� KXPDQ IDFWRUV� DQG VDIHW\� 7KH IROORZLQJ SDUDJUDSKV GLVFXVV
WKH VWUXFWXUH RI IRXU FRPPRQ FRPPHUFLDO ILEHU RSWLF FDEOH GHVLJQV DQG WKH EHQHILWV DQG GUDZEDFNV RI
HDFK RI WKRVH GHVLJQV� 7KH GHVLJQV DUH WKH %UHDNRXW� 6WUDQGHG� /RRVH 7XEH DQG 5LEERQ GHVLJQV�



0,/�67'�����$�6+�

11

)LJXUH �� 7\SLFDO 2SWLFDO )LEHU &KURPDWLF 'LVSHUVLRQ�

),*85( �� 2)&& �%UHDNRXW� GHVLJQ ILEHU RSWLF FDEOH�

������� &DEOH FRQVWUXFWLRQ�

��������� %UHDNRXW GHVLJQ� $ %UHDNRXW GHVLJQ ILEHU RSWLF FDEOH FRQVLVWV RI LQGLYLGXDO VLQJOH
ILEHU FDEOHV� FDOOHG 2SWLFDO )LEHU &DEOH &RPSRQHQWV �2)&&V�� ODLG ZLWK VWUHQJWK PHPEHUV DURXQG D
FHQWUDO PHPEHU DQG RYHUMDFNHWHG IRU HQYLURQPHQWDO DQG PHFKDQLFDO SURWHFWLRQ �VHH ILJXUH ��� (DFK 2)&&
FRQVLVWV RI D EXIIHUHG ILEHU ���� �P WRWDO GLDPHWHU� VXUURXQGHG E\ VWUHQJWK PHPEHUV DQG D SURWHFWLYH
MDFNHW ZLWK DQ RXWHU GLDPHWHU RI DSSUR[LPDWHO\ � PLOOLPHWHUV� 7KH EUHDNRXW GHVLJQ FDEOH LV W\SLFDOO\
XVHG DV ORFDO FDEOLQJ LQ FRPPHUFLDO LQWUDEXLOGLQJ DSSOLFDWLRQV� 7KLV FDEOH GHVLJQ LV FXUUHQWO\ WKH
RQO\ FDEOH GHVLJQ DSSURYHG IRU 1DY\ ILEHU RSWLF FDEOHV DQG LV LQ DFFRUGDQFH ZLWK 0,/�&������� 0,/�&�
�������� �HLJKW�ILEHU FDEOH�� 0,/�&��������� �IRXU�ILEHU FDEOH�� 0,/�&��������� �VLQJOH�ILEHU WLJKW
EXIIHU FDEOH�� 0,/�&��������� �HLJKW�ILEHU FDEOH� HQKDQFHG SHUIRUPDQFH�� 0,/�&��������� �IRXU�ILEHU
FDEOH� HQKDQFHG SHUIRUPDQFH�� 0,/�&��������� �WZHQW\�IRXU WR WKLUW\�VL[ ILEHU FDEOH�� DQG 0,/�&�
�������� �WZHQW\�IRXU WR WKLUW\�VL[ ILEHU FDEOH� HQKDQFHG SHUIRUPDQFH��
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),*85( �� 6WUDQGHG GHVLJQ ILEHU RSWLF FDEOH�

),*85( �� 5LEERQ GHVLJQ ILEHU RSWLF FDEOH�

��������� 6WUDQGHG GHVLJQ� $ 6WUDQGHG GHVLJQ FDEOH LV D ILEHU RSWLF FDEOH LQ ZKLFK WKH
EXIIHUHG ILEHUV ���� �P WRWDO GLDPHWHU� DUH VWUDQGHG GRZQ WKH FHQWHU RI WKH FDEOH VXUURXQGHG E\
VWUHQJWK PHPEHUV DQG D SURWHFWLYH MDFNHW �VHH ILJXUH ��� 7KLV FDEOH GHVLJQ LV W\SLFDOO\ XVHG LQ
FRPPHUFLDO LQWHU� DQG LQWUDEXLOGLQJ WUXQN DSSOLFDWLRQV�

��������� /RRVH 7XEH GHVLJQ� $ /RRVH 7XEH FDEOH LV D ILEHU RSWLF FDEOH LQ ZKLFK ��� �P
FRDWHG ILEHUV DUH ORRVHO\ JURXSHG LQ WXEHV RU VORWV ZKLFK DUH VWUDQGHG GRZQ WKH FDEOH� 7KH WXEHV DUH
JURXSHG ZLWK VWUHQJWK PHPEHUV DQG VXUURXQGHG ZLWK D SURWHFWLYH MDFNHW� 7KLV GHVLJQ LV W\SLFDOO\ XVHG
LQ FRPPHUFLDO ORQJ�KDXO WHOHSKRQH WUXQN DSSOLFDWLRQV�

��������� 5LEERQ GHVLJQ� 7KH 5LEERQ FDEOH GHVLJQ LV D YDULDQW RI WKH ORRVH WXEH GHVLJQ LQ
ZKLFK PXOWLSOH ��� �P FRDWHG ILEHUV �W\SLFDOO\ �� HDFK� DUH VDQGZLFKHG LQ D OLQHDU DUUD\� FDOOHG D
ULEERQ� DQG ODLG LQ D ORRVH WXEH GRZQ WKH FHQWHU RI WKH FDEOH �VHH ILJXUH ��� 7KH ULEERQV DUH
VXUURXQGHG E\ DQ LQQHU SODVWLF WXEH� VWUHQJWK PHPEHUV� DQG DQ RXWHU SURWHFWLYH MDFNHW�

������� 5HODWLYH SHUIRUPDQFH FKDUDFWHULVWLFV� $Q\ FDEOH XVHG LQ 1DY\ DSSOLFDWLRQV PXVW PHHW
PLQLPXP OHYHOV RI SHUIRUPDQFH LQ VDIHW\ �ORZ VPRNH JHQHUDWLRQ� ORZ WR[LFLW\� ORZ KDORJHQ FRQWHQW�
IODPH UHVLVWDQW� DQG VR IRUWK�� GXUDELOLW\ �DEOH WR ZLWKVWDQG VKRFN� YLEUDWLRQ� PHFKDQLFDO DEXVH�
IOXLGV� DQG VR IRUWK�� KXPDQ IDFWRUV �HDVH RI LQVWDOODWLRQ DQG UHSDLU�� DQG RSWLFDO SHUIRUPDQFH� 7KH
EDVLF RSWLFDO SHUIRUPDQFH RI D SDUWLFXODU FDEOH GHVLJQ LV GHWHUPLQHG E\ WKH RSWLFDO ILEHU XVHG DQG LV
QRW D SULPDU\ FRQVLGHUDWLRQ LQ FKRRVLQJ WKH FDEOH GHVLJQ�
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��������� 6DIHW\� 7KH VDIHW\ SHUIRUPDQFH RI D FDEOH LV D IXQFWLRQ RI WKH PDWHULDOV XVHG WR
PDQXIDFWXUH WKH FDEOH� ,I DSSURSULDWH PDWHULDOV DUH XVHG WR PDQXIDFWXUH WKH FDEOH� WKHQ WKH FDEOH
ZLOO PHHW WKH QHFHVVDU\ VDIHW\ UHTXLUHPHQWV� &XUUHQWO\� RQO\ WKH 2)&& GHVLJQ FDEOHV DUH PDQXIDFWXUHG
XVLQJ DSSURSULDWH PDWHULDOV�

��������� 'XUDELOLW\� (DFK RI WKH GHVLJQV FDQ EH YHU\ GXUDEOH ZKHQ SURSHUO\ PDQXIDFWXUHG�
7KH SULPDU\ H[FHSWLRQV DUH WKH EHQGLQJ DQG ZDWHUEORFNLQJ SHUIRUPDQFH RI WKH 5LEERQ FDEOH GHVLJQ DQG
WKH ZDWHUEORFNLQJ SHUIRUPDQFH RI ERWK WKH 6WUDQGHG DQG /RRVH 7XEH GHVLJQV� 7DEOH ,,, VKRZV WKH
G\QDPLF EHQG SHUIRUPDQFH RI WKH IRXU FDEOH GHVLJQV� 7KH FDEOH
V PLQLPXP G\QDPLF EHQG GLDPHWHU LV
HTXDO WR WKH FDEOH
V RXWVLGH GLDPHWHU �2'� PXOWLSOLHG E\ WKH IDFWRU JLYHQ LQ WDEOH ,,,� 7KH 5LEERQ
FDEOH GHVLJQ KDV WKH JUHDWHVW OLPLWDWLRQV RQ EHQG SHUIRUPDQFH RI WKH IRXU FDEOH GHVLJQV� &XUUHQWO\�
WKH 5LEERQ DQG /RRVH 7XEH FDEOH GHVLJQV PDQXIDFWXUHG FRPPHUFLDOO\ DUH QRW ZDWHUEORFNHG ZLWK VXLWDEOH
PDWHULDOV �IRU H[DPSOH� QRQJUHDV\� QRQWDFN\� DQG VR IRUWK�� 7KH WKHUPDO DQG PHFKDQLFDO SHUIRUPDQFH RI
ERWK RI WKHVH FDEOH GHVLJQV ZRXOG EH DGYHUVHO\ DIIHFWHG E\ WKH XVH RI DSSURSULDWH FRPSRXQGV� 7KH
6WUDQGHG GHVLJQ FDEOH LV JHQHUDOO\ QRW ZDWHUEORFNHG LQ FRPPHUFLDO DSSOLFDWLRQV�

7$%/( ,,,� %HQG SHUIRUPDQFH RI ILEHU RSWLF FDEOH GHVLJQV�

&DEOH 'HVLJQ 0LQLPXP '\QDPLF %HQG 'LDPHWHU
�&DEOH 2' 0XOWLSOLHU�

%UHDNRXW �2)&&� �

6WUDQGHG � WR ��

/RRVH 7XEH �� WR ��

5LEERQ ��

��������� +XPDQ IDFWRUV� 7KH KXPDQ IDFWRU HOHPHQWV IRU WKH GHVLJQV YDU\ ZLGHO\� 7KH SULPDU\
DUHD RI FRQFHUQ IRU KXPDQ IDFWRUV LV LQ WKH EUHDNRXW RI LQGLYLGXDO ILEHUV LQ WKH FDEOH SODQW
LQWHUFRQQHFWLRQ ER[HV RU V\VWHP HTXLSPHQWV� 7KH 2)&& GHVLJQ LV WKH PRVW VXLWDEOH IRU 1DY\
DSSOLFDWLRQV EHFDXVH HDFK ILEHU LV SURWHFWHG ZLWKLQ LWV RZQ VXEFDEOH� ,Q WKH 6WUDQGHG GHVLJQ� WKH
LQGLYLGXDO ILEHUV DUH PRUH VXVFHSWLEOH WR DFFLGHQWDO GDPDJH VLQFH WKH\ DUH QRW SURWHFWHG LQ DQ 2)&&�
,Q WKH /RRVH 7XEH DQG 5LEERQ GHVLJQV� WKH LQGLYLGXDO ILEHUV VKRZ D KLJK VXVFHSWLELOLW\ WR GDPDJH ZKHQ
EURNHQ RXW RI WKH WXEH RU VHSDUDWHG IURP WKH ULEERQ�

������� )LEHU FDSDFLWLHV� 7KH WRWDO ILEHU FDSDFLWLHV IRU WKH YDULRXV GHVLJQV YDU\ ZLGHO\�
7KH /RRVH 7XEH DQG 5LEERQ FDEOH GHVLJQV KDYH WKH JUHDWHVW FDSDFLW\� EHLQJ DEOH WR KROG RYHU ��� ILEHUV
LQ D ��� LQFK GLDPHWHU FDEOH� )RU WKH VDPH VL]H FDEOH� WKH 6WUDQGHG GHVLJQ FDQ DFFRPPRGDWH
DSSUR[LPDWHO\ �� ILEHUV DQG WKH 2)&& GHVLJQ FDQ DFFRPPRGDWH DSSUR[LPDWHO\ �� ILEHUV�

������� $SSOLFDELOLW\� %HFDXVH RI WKH HDVH RI XVH DQG WKH KLJK GHJUHH RI UXJJHGQHVV� WKH
2)&& FDEOH LV FXUUHQWO\ WKH VWDQGDUG 1DY\ GHVLJQ� 2)&& FDEOHV DUH DYDLODEOH ZLWK ILEHU FRXQWV RI
IRXU� HLJKW� WZHQW\�IRXU� WKLUW\�WKUHH DQG WKLUW\�VL[ ILEHUV� $OO ILEHU RSWLF FDEOHV XVHG LQ 1DY\
VKLSERDUG LQWHUFRPSDUWPHQW DSSOLFDWLRQV VKDOO EH LQ DFFRUGDQFH ZLWK 0,/�&������� 7KH 1$96($ )LEHU
2SWLF 3URJUDP 2IILFH VKRXOG EH FRQVXOWHG WR GHWHUPLQH WKH VSHFLILFDWLRQ VKHHWV WKDW DUH DSSURYHG IRU
XVH�

����� &RQQHFWRUV� &RQQHFWRUV DUH FRPPRQO\ XVHG DW WUDQVPLWWHU DQG UHFHLYHU WR FDEOH
FRQQHFWLRQV� HTXLSPHQW FRQQHFWLRQV DQG ILEHU�WR�ILEHU FRQQHFWLRQV LQ LQWHUFRQQHFWLRQ ER[HV�
&RQQHFWRUV PD\ FRQQHFW RQO\ RQH SDLU RI ILEHUV WRJHWKHU �VLQJOH WHUPLQXV FRQQHFWRUV� RU PD\ FRQQHFW
PXOWLSOH SDLUV RI ILEHUV �PXOWLWHUPLQXV FRQQHFWRUV�� )RU 1DY\ VKLSERDUG DSSOLFDWLRQV� FRQQHFWRUV DUH
JURXSHG LQWR WZR FODVVHV� OLJKW GXW\ VLQJOH WHUPLQXV FRQQHFWRUV DQG KHDY\ GXW\ PXOWLWHUPLQXV
FRQQHFWRUV� /LJKW GXW\ FRQQHFWRUV DUH XVHG RQO\ LQ SURWHFWHG DUHDV VXFK DV ZLWKLQ HTXLSPHQW LQWHULRUV
DQG ZLWKLQ ILEHU RSWLF LQWHUFRQQHFWLRQ ER[HV� +HDY\ GXW\ FRQQHFWRUV DUH XVHG LQ XQSURWHFWHG ORFDWLRQV
VXFK DV H[WHUQDO HTXLSPHQW FRQQHFWRUV�

������� &RQVWUXFWLRQ DQG UHODWLYH SHUIRUPDQFH FKDUDFWHULVWLFV� 7KH EDVLF VWUXFWXUH RI D
ILEHU RSWLF FRQQHFWRU FRQVLVWV RI WZR PHFKDQLFDO DVVHPEOLHV� RQH DWWDFKHG WR HDFK ILEHU HQG� DQG DQ
DOLJQPHQW DVVHPEO\� 7KH DOLJQPHQW DVVHPEO\ SK\VLFDOO\ SRVLWLRQV WKH ILEHUV LQ SUR[LPLW\ VR WKDW OLJKW
WUDQVPLVVLRQ PD\ RFFXU DFURVV WKH LQWHUIDFH� 7KHUH DUH PDQ\ GLIIHUHQW W\SHV DQG VW\OHV RI FRPPHUFLDO
ILEHU RSWLF FRQQHFWRUV DYDLODEOH� %DVLF FRQQHFWRU W\SHV LQFOXGH F\OLQGULFDO IHUUXOH� Y�JURRYH�
ELFRQLF� DQG OHQVHG FRQQHFWRUV� 60$� 67� )&�3&� %LFRQLF� DQG 6& FRQQHFWRUV DUH WKH PRVW FRPPRQ
FRPPHUFLDO VLQJOH WHUPLQXV FRQQHFWRUV� 7KH )LEHU 'LVWULEXWHG 'DWD ,QWHUIDFH �)'',�� 6& 'XSOH[� DQG
(6&21 FRQQHFWRUV DUH WKH PRVW FRPPRQ FRPPHUFLDO GXSOH[ FRQQHFWRUV�
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),*85( �� 1DY\ VWDQGDUG VLQJOH WHUPLQXV OLJKW GXW\ FRQQHFWRU�

��������� 67 &RQQHFWRU� 7KH FRPPHUFLDO 67 FRQQHFWRU LV WKH EDVLV RI WKH 0,/�&������ DQG 0,/�
&��������� 1DY\ VWDQGDUG VLQJOH WHUPLQXV OLJKW GXW\ FRQQHFWRU� 7KH 67 LV D F\OLQGULFDO IHUUXOH
FRQQHFWRU DQG KDV D ED\RQHW VW\OH FRXSOLQJ PHFKDQLVP �VHH ILJXUH ��� 7KH ILEHU LV HSR[LHG LQWR WKH
IHUUXOH XVLQJ DQ DGKHVLYH DQG WKH ILEHU HQG IDFH LV ILQHO\ SROLVKHG� 5HIHU WR 0,/�67'������� IRU PRUH
LQIRUPDWLRQ RQ WKH DVVHPEO\ DQG LQVWDOODWLRQ RI 0,/�&��������� FRQQHFWRUV� 7KH 67 W\SH FRQQHFWRU ZDV
FKRVHQ DV WKH 1DY\ VWDQGDUG OLJKW GXW\ VLQJOH WHUPLQXV FRQQHFWRU EHFDXVH RI LWV HDVH RI DVVHPEO\�
TXLFN FRQQHFW�GLVFRQQHFW WLPH� UXJJHGQHVV DQG KLJK�JUDGH RSWLFDO SHUIRUPDQFH� 7KH SULPDU\
GLVDGYDQWDJH RI WKH FRPPHUFLDO 67 LV WKDW LW LV W\SLFDOO\ PRUH VKRFN VHQVLWLYH WKDQ WKRVH VW\OHV ZLWK
VFUHZ RQ W\SH FRXSOLQJ PHFKDQLVPV� 7KH 0,/�&��������� 67 FRQQHFWRU LV 0,/�6���� *UDGH $ VKRFN
TXDOLILHG IRU PXOWLPRGH ILEHU�

��������� )60$ DQG )&�3& FRQQHFWRUV� 7KH )60$ DQG WKH )&�3& FRQQHFWRUV DUH DOVR F\OLQGULFDO
IHUUXOH FRQQHFWRUV� EXW ERWK KDYH D VFUHZ RQ W\SH FRXSOLQJ PHFKDQLVP� 7KH )60$ FRQQHFWRU W\SLFDOO\
KDV KLJK RSWLFDO ORVV DQG SRRU UHSHDWDELOLW\� PDNLQJ LW XQVXLWDEOH IRU 1DY\ XVH� 7KH )&�3& FRQQHFWRU
ZDV GHYHORSHG IRU VLQJOH PRGH DSSOLFDWLRQV� EXW KDV IRXQG XVH LQ FRPPHUFLDO PXOWLPRGH V\VWHPV DV ZHOO�
7KLV FRQQHFWRU KDV WKH EHVW RSWLFDO DQG PHFKDQLFDO SHUIRUPDQFH RI WKH FRQQHFWRUV FRPPHUFLDOO\
DYDLODEOH� EXW FDQ EH GLIILFXOW WR DVVHPEOH� KDV D UHODWLYHO\ ORQJ GLVFRQQHFW�UHFRQQHFW WLPH DQG
UHTXLUHV ODUJHU VHSDUDWLRQ GLVWDQFHV RQ SDWFK SDQHOV WKDQ HLWKHU WKH 67 RU 6& FRQQHFWRUV�

��������� %LFRQLF FRQQHFWRU� 7KH ELFRQLF FRQQHFWRU KDV D FRQLFDO IHUUXOH DQG LV XVHG
FRPPHUFLDOO\ IRU ERWK VLQJOH PRGH DQG PXOWLPRGH ILEHUV LQ WHOHSKRQH DSSOLFDWLRQV� 7KLV FRQQHFWRU LV
ODUJHU WKDQ WKH RWKHU FRPPHUFLDO FRQQHFWRU VW\OHV� FDQ EH GLIILFXOW WR DVVHPEOH LQ WKH ILHOG� DQG
UHTXLUHV ODUJHU VHSDUDWLRQ GLVWDQFHV RQ SDWFK SDQHOV WKDQ HLWKHU WKH 67 RU WKH 6& FRQQHFWRUV�

��������� 6& FRQQHFWRU� 7KH 6& FRQQHFWRU LV D QHZHU FRPPHUFLDO FRQQHFWRU KDYLQJ D SXVK�SXOO
VW\OH FRXSOLQJ PHFKDQLVP DQG D VTXDUH IRRWSULQW� 7KLV FRQQHFWRU ZDV GHYHORSHG WR PD[LPL]H FRQQHFWRU
GHQVLWLHV DW FRQQHFWRU SDWFK SDQHOV DQG HTXLSPHQW EDFNSODQHV DQG PLQLPL]H GLVFRQQHFW�UHFRQQHFW WLPH
DQG GLIILFXOW\� 7KLV FRQQHFWRU W\SLFDOO\ LV FRQVWUXFWHG RI SODVWLFV DQG KDV XQNQRZQ HQYLURQPHQWDO
SHUIRUPDQFH� HVSHFLDOO\ DW KLJK VKRFN OHYHOV�

��������� 0XOWLWHUPLQXV FRQQHFWRU� 7KH 1DY\ VWDQGDUG KHDY\ GXW\ PXOWLWHUPLQXV FRQQHFWRU� WKH
0,/�&������ FRQQHFWRU� LV D F\OLQGULFDO IHUUXOH FRQQHFWRU EDVHG RQ WKH 0,/�&������ 1DY\ HOHFWULFDO
FRQQHFWRU �VHH ILJXUH ��� 7KLV FRQQHFWRU LV D NH\HG� PHFKDQLFDOO\ UXJJHG� VWUDLQ UHOLHYHG DQG
HQYLURQPHQWDOO\ VHDOHG FRQQHFWRU� &XUUHQWO\ WKH 0,/�&������ FRQQHFWRU FDQ WHUPLQDWH FDEOHV ZLWK WZR�
IRXU� VL[� DQG HLJKW ILEHUV� (DFK ILEHU LV WHUPLQDWHG WR D VHSDUDWH IHUUXOH DVVHPEO\� FDOOHG D
WHUPLQXV� ZKLFK LV KHOG LQ WKH LQVHUW ZLWKLQ WKH FRQQHFWRU VKHOO� 7KH ILEHUV DUH HSR[LHG LQWR HDFK
WHUPLQXV XVLQJ DQ DGKHVLYH DQG WKH HQGV DUH ILQHO\ SROLVKHG� 5HIHU WR 0,/�67'������� IRU PRUH
LQIRUPDWLRQ RQ WKH DVVHPEO\ DQG LQVWDOODWLRQ RI 0,/�&������ FRQQHFWRUV� :KHQ SOXJ DQG UHFHSWDFOH 0,/�
&������ FRQQHFWRUV DUH PDWHG� WKH SLQ DQG VRFNHW WHUPLQL LQ HDFK PDWLQJ UHFHSWDFOH RU SOXJ HQJDJH ZLWK
WKHLU FRUUHVSRQGLQJ VRFNHW DQG SLQ WHUPLQL WR DOLJQ WKH PDWLQJ ILEHUV� 7KH 0,/�&������ FRQQHFWRU ZDV
FKRVHQ DV WKH 1DY\ VWDQGDUG KHDY\ GXW\ PXOWLWHUPLQXV FRQQHFWRU EHFDXVH RI LWV VXSHULRU PHFKDQLFDO
SURSHUWLHV� HQYLURQPHQWDO UHVLVWDQFH� DQG KLJK�JUDGH RSWLFDO SHUIRUPDQFH�

��������� )'',� 6& 'XSOH[ DQG (6&21 FRQQHFWRUV� %RWK WKH )'', DQG WKH (6&21 FRQQHFWRUV DUH
LQWHJUDO XQLWV GHYHORSHG IRU XVH LQ GDWDFRP DQG ORFDO DUHD QHWZRUN �/$1� DSSOLFDWLRQV� 7KH 6& GXSOH[
FRQQHFWRU LV FRPPRQO\ SURGXFHG E\ JDQJLQJ WZR VLPSOH[ 6& FRQQHFWRUV LQ D GXSOH[ KRXVLQJ� $OO WKUHH
FRQQHFWRU W\SHV XVH ��� PP IHUUXOH WHFKQRORJ\� DV GR WKH 67� )&�3&� DQG 6& VLPSOH[ FRQQHFWRUV� $OO
WKUHH FRQQHFWRU W\SHV DUH SRODUL]HG WR SUHYHQW UHYHUVDO RI WKH WUDQVPLW DQG UHFHLYH ILEHUV DQG FDQ EH
NH\HG WR SUHYHQW FRQQHFWRU LQVHUWLRQ LQWR LQFRUUHFW UHFHSWDFOHV�
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),*85( �� 0XOWLWHUPLQXV �0,/�&������� FRQQHFWRU�

������� &RQQHFWRU DWWULEXWHV� 7KHUH DUH VHYHUDO DWWULEXWHV WKDW GHVFULEH FRQQHFWRU
SHUIRUPDQFH� FRQQHFWLRQ ORVV� EDFN UHIOHFWLRQ� UHSHDWDELOLW\� PLQLPXP FRQQHFWRU WR FRQQHFWRU VSDFLQJ
RQ SDWFK SDQHOV� GLVFRQQHFW�UHFRQQHFW WLPH� GLIILFXOW\ RI DVVHPEO\ DQG UXJJHGQHVV�

��������� &RQQHFWLRQ ORVV DQG EDFN UHIOHFWLRQ� (DFK FRQQHFWRU LQ D ILEHU RSWLF OLQN
LQWURGXFHV ERWK DQ RSWLFDO ORVV LQWR WKDW OLQN DQG D UHIOHFWHG VLJQDO EDFN WKURXJK WKH OLQN� 7KH ORVV
RFFXUV EHFDXVH RI ILEHU PLVPDWFKHV DV ZHOO DV FRQQHFWRU VSHFLILF ORVVHV LQFOXGLQJ )UHVQHO UHIOHFWLRQV
DW WKH LQWHUIDFH� ODWHUDO DQG DQJXODU PLVDOLJQPHQW� DQG LQ VRPH FDVHV� ILEHU VHSDUDWLRQ� (DFK
GLIIHUHQW FRQQHFWRU W\SH�VW\OH PLQLPL]HV HDFK RI WKH FRQQHFWLRQ UHODWHG ORVV PHFKDQLVPV WR VRPH
H[WHQW� 0DQ\ RI WKH FRPPRQO\ DYDLODEOH FRQQHFWRUV �LQFOXGLQJ WKH 1DY\ VWDQGDUG FRQQHFWRUV� DUH
SROLVKHG VR DV WR PLQLPL]H WKH EDFN UHIOHFWLRQ �WKH SK\VLFDO FRQWDFW �3&� SROLVK�� 7KLV SROLVKLQJ
WHFKQLTXH UHGXFHV EDFN UHIOHFWLRQ IURP WKH FRQQHFWRU� DQG FRQQHFWRU ORVV� /RVV DQG EDFN UHIOHFWLRQV
DUH WKH SULPDU\ RSWLFDO HIIHFWV IURP WKH XVH RI D FRQQHFWRU LQ D ILEHU RSWLF OLQN�

������� $SSOLFDELOLW\� /LJKW GXW\ VLQJOH WHUPLQXV FRQQHFWRUV XVHG LQ 1DY\ WDFWLFDO
DSSOLFDWLRQV VKDOO EH LQ DFFRUGDQFH ZLWK 0,/�&������� 0,/�&��������� �FRQQHFWRU SOXJ�� 0,/�&���������
�SOXJ DGDSWHU�� DQG 0,/�&��������� �DFWLYH GHYLFH PRXQW�� +HDY\ GXW\ PXOWLWHUPLQXV FRQQHFWRUV XVHG LQ
1DY\ VKLSERDUG DSSOLFDWLRQV VKDOO EH LQ DFFRUGDQFH ZLWK 0,/�&������ DQG WKH VXSSRUWLQJ VSHFLILFDWLRQ
VKHHWV� /LJKW GXW\ FRQQHFWRUV XVHG LQ 1DY\ QRQWDFWLFDO DSSOLFDWLRQV VKDOO EH FRPSDWLEOH ZLWK 0,/�&�
�������� FRQQHFWRUV�

����� 6SOLFHV� 6SOLFHV DUH FRPPRQO\ XVHG IRU ORZ ORVV SHUPDQHQW ILEHU�WR�ILEHU FRQQHFWLRQV
LQ LQWHUFRQQHFWLRQ ER[HV DQG HTXLSPHQWV� ,Q JHQHUDO� VSOLFHV PD\ FRQQHFW RQO\ RQH SDLU RI ILEHUV
WRJHWKHU �VLQJOH ILEHU VSOLFHV� RU PD\ FRQQHFW PXOWLSOH SDLUV RI ILEHUV �PXOWLILEHU VSOLFHV�� )RU
1DY\ VKLSERDUG DSSOLFDWLRQV WKHUH LV RQO\ RQH FODVV RI VSOLFH� OLJKW GXW\ VLQJOH ILEHU VSOLFHV� /LJKW
GXW\ VLQJOH ILEHU VSOLFHV DUH XVHG RQO\ LQ SURWHFWHG DUHDV VXFK DV HTXLSPHQW LQWHULRUV DQG ZLWKLQ
ILEHU RSWLF LQWHUFRQQHFWLRQ ER[HV� /LJKW GXW\ VLQJOH ILEHU VSOLFHV XVHG LQ 1DY\ WDFWLFDO DSSOLFDWLRQV
VKDOO EH LQ DFFRUGDQFH ZLWK 0,/�6������ DQG 0,/�6���������

������� 6SOLFH W\SHV� 7KH VW\OHV RI ILEHU RSWLF VSOLFHV ZKLFK DUH WKH PRVW FRPPRQ LQ WKH
FRPPHUFLDO PDUNHW FKDQJH FRQWLQXDOO\� )XVLRQ DQG HODVWRPHU VOHHYH VSOLFHV ZHUH DPRQJ WKH ILUVW
GHYHORSHG� )XVLRQ VSOLFHV DUH W\SLFDOO\ XVHG LQ ORQJ KDXO� WHOHSKRQH RXWVLGH SODQW� DQG RWKHU
DSSOLFDWLRQV ZKHUH PDQ\ VSOLFHV DUH XVHG DQG VSOLFH HTXLSPHQW FRVWV FDQ EH VSUHDG RXW RYHU PDQ\
FRQQHFWLRQV� 7R REWDLQ TXDOLW\ IXVLRQ VSOLFHV� KLJKO\ WUDLQHG SHUVRQQHO DQG VRSKLVWLFDWHG DXWRPDWHG
IXVLRQ VSOLFLQJ HTXLSPHQW DUH UHTXLUHG� 0HFKDQLFDO VSOLFHV DUH FRPPHUFLDOO\ XVHG LQ DSSOLFDWLRQV
ZKHUH VSOLFH TXDQWLWLHV DUH QRW DV KLJK DQG WKH LQLWLDO LQYHVWPHQW IRU D IXVLRQ VSOLFHU LV
SURKLELWLYH� 0RVW PHFKDQLFDO VSOLFHV XVH HLWKHU LQGH[ PDWFKLQJ JHO RU LQGH[ PDWFKLQJ DGKHVLYH WR
PLQLPL]H EDFN UHIOHFWLRQ DQG DWWHQXDWLRQ�

������� &RQVWUXFWLRQ DQG SHUIRUPDQFH FKDUDFWHULVWLFV� ,Q D IXVLRQ VSOLFH� WKH ILEHUV DUH
IXVHG WRJHWKHU WR IRUP D VLQJOH FRQWLQXRXV ZDYHJXLGH DQG SODFHG LQ D SURWHFWLYH KROGHU� )RU
PHFKDQLFDO VSOLFHV� WKH EDVLF VWUXFWXUH RI WKH ILEHU RSWLF VSOLFH FRQVLVWV RI D PHFKDQLFDO DVVHPEO\
WKDW SK\VLFDOO\ SRVLWLRQV WKH ILEHU HQGV LQ FORVH SUR[LPLW\ VR WKDW OLJKW WUDQVPLVVLRQ PD\ RFFXU
DFURVV WKH LQWHUIDFH� 7KHUH DUH PDQ\ GLIIHUHQW YDULHWLHV RI PHFKDQLFDO ILEHU RSWLF VSOLFHV DYDLODEOH�
WKH PRVW FRPPRQ EHLQJ JODVV FDSLOODU\� JODVV URG� DQG HODVWRPHU VOHHYH VSOLFHV�
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),*85( ��� 5RWDU\ PHFKDQLFDO VSOLFH�

������� /LJKW GXW\ VLQJOH ILEHU VSOLFH� *ODVV FDSLOODU\ PHFKDQLFDO VSOLFHV DUH WKH PRVW
FRPPRQ FRPPHUFLDO PHFKDQLFDO VSOLFHV� 7KLV W\SH RI VSOLFH KDV ORZ ORVVHV DQG ORZ EDFN UHIOHFWLRQV�
7KH UHFRPPHQGHG VLQJOH ILEHU VSOLFH IRU 1DY\ OLJKW GXW\ DSSOLFDWLRQV �SHU 0,/�6��������� LV D JODVV
FDSLOODU\ PHFKDQLFDO VSOLFH� NQRZQ DV D URWDU\ PHFKDQLFDO VSOLFH� 7KLV VSOLFH FRQVLVWV RI WZR
LGHQWLFDO SUHFLVLRQ JODVV FDSLOODULHV �IHUUXOHV� ZKLFK KROG HDFK ILEHU HQG �VHH ILJXUH ���� 7KH
ILEHUV DUH HSR[LHG LQ HDFK IHUUXOH ZLWK DQ XOWUDYLROHW �89� FXUDEOH DGKHVLYH DQG WKHQ WKH IHUUXOH HQGV
DUH SROLVKHG� 7KH IHUUXOHV DUH PDWHG WRJHWKHU XVLQJ D PHWDO DOLJQPHQW FOLS DQG LQGH[ PDWFKLQJ JHO�
5HIHU WR 0,/�67'������� IRU PRUH LQIRUPDWLRQ RQ WKH DVVHPEO\ DQG LQVWDOODWLRQ RI WKH 0,/�6��������
VSOLFH� 7KH 0,/�6�������� URWDU\ PHFKDQLFDO VSOLFH ZDV FKRVHQ DV WKH 1DY\ VWDQGDUG OLJKW GXW\ VLQJOH
ILEHU VSOLFH EHFDXVH RI LWV HDVH RI DVVHPEO\� UXJJHGQHVV� KLJK�JUDGH RSWLFDO SHUIRUPDQFH� DQG
UHPDWHDELOLW\�

������� 6SOLFH DWWULEXWHV� 7KHUH DUH VHYHUDO DWWULEXWHV WKDW GHVFULEH VSOLFH SHUIRUPDQFH�
VSOLFH ORVV� EDFN UHIOHFWLRQ� UH�HQWHUDELOLW\� UHPDWHDELOLW\� WLPH�VNLOO WR DVVHPEOH DQG UXJJHGQHVV�

��������� 6SOLFH ORVV DQG EDFN UHIOHFWLRQ� 7KH ORVV DQG EDFN UHIOHFWLRQ PHFKDQLVPV IRU D
ILEHU RSWLF VSOLFH DUH VLPLODU WR WKRVH IRU D ILEHU RSWLF FRQQHFWRU �VHH ����������� 0RVW RI WKH
FRPPRQO\ DYDLODEOH PHFKDQLFDO VSOLFHV XWLOL]H DQ LQGH[ PDWFKLQJ JHO RU DGKHVLYH WR PLQLPL]H WKH EDFN
UHIOHFWLRQ� $V ZLWK FRQQHFWRUV� WKH UHGXFWLRQ RI WKH EDFN UHIOHFWLRQ IURP WKH VSOLFH DOVR UHGXFHV WKH
VSOLFH ORVV� /RVV DQG EDFN UHIOHFWLRQ DUH WKH SULPDU\ RSWLFDO HIIHFWV IURP WKH XVH RI D VSOLFH LQ D
ILEHU RSWLF OLQN�

����� )LEHU RSWLF VZLWFKHV� )LEHU RSWLF VZLWFKHV DUH SULPDULO\ XVHG LQ ORFDO DUHD QHWZRUNV
�/$1V� DV IDLOVDIH E\SDVVHV IRU HTXLSPHQW� )LEHU RSWLF VZLWFKHV IRU XVH LQ 1DY\ WDFWLFDO PLVVLRQ
FULWLFDO DSSOLFDWLRQV VKDOO EH LQ DFFRUGDQFH ZLWK 0,/�6������ DQG WKH VXSSRUWLQJ VSHFLILFDWLRQ VKHHWV�
6SHFLILFDWLRQ VKHHWV 0,/�6�������� DQG �� GHVFULEH � [ � PXOWLPRGH ILEHU RSWLF E\SDVV VZLWFKHV IRU XVH
LQ SURWHFWHG DUHDV VXFK DV LQWHUFRQQHFWLRQ ER[HV DQG V\VWHP HTXLSPHQW� 7KH �� VZLWFK LV DSSURYHG IRU
KDUG PRXQWLQJ� EXW WKH �� VZLWFK PXVW EH VKRFN LVRODWHG WR SURSHUO\ RSHUDWH GXULQJ VKLSERDUG VKRFN�

������� &RQVWUXFWLRQ DQG SHUIRUPDQFH FKDUDFWHULVWLFV� 7KHUH DUH D QXPEHU RI GLIIHUHQW W\SHV
DQG VW\OHV RI ILEHU RSWLF VZLWFKHV FRPPHUFLDOO\ DYDLODEOH� 7KH PRVW FRPPRQ ILEHU RSWLF VZLWFK W\SHV
DUH WKH PRYLQJ ILEHU DQG PRYLQJ PLUURU VZLWFKHV� %RWK ILEHU RSWLF VZLWFK W\SHV FDQ H[KLELW VKRFN
VHQVLWLYLW\� 0,/�6������ VSHFLILHV PLQLPXP OHYHOV RI ILEHU RSWLF VZLWFK SHUIRUPDQFH� EXW GRHV QRW
VSHFLI\ WKH VZLWFKLQJ PHFKDQLVP� 0RYLQJ ILEHU VZLWFKHV XVH DQ HOHFWULFDO UHOD\ WR SK\VLFDOO\ PRYH WKH
LQSXW DQG RXWSXW ILEHUV WR SURGXFH VZLWFKLQJ� ,Q PRYLQJ PLUURU VZLWFKHV� PLUURUV DUH LQVHUWHG LQWR
RSWLFDO SDWKV E\ DQ HOHFWULFDO UHOD\ WR SURGXFH VZLWFKLQJ� 2WKHU VZLWFK W\SHV DUH DOVR DYDLODEOH
GHSHQGLQJ RQ WKH DSSOLFDWLRQ�

������� 6ZLWFK DWWULEXWHV� 7KHUH DUH VHYHUDO DWWULEXWHV WKDW GHVFULEH VZLWFK SHUIRUPDQFH�
VZLWFK ORVV� EDFN UHIOHFWLRQ� UHSHDWDELOLW\� VZLWFKLQJ WLPH� OLIHWLPH� VL]H� SRZHU FRQVXPSWLRQ� DQG
UXJJHGQHVV�

��������� 6ZLWFK ORVV DQG EDFN UHIOHFWLRQ� 7KH ORVV DQG EDFN UHIOHFWLRQ PHFKDQLVPV IRU D
ILEHU RSWLF VZLWFK DUH VLPLODU WR WKRVH IRU D ILEHU RSWLF FRQQHFWRU ZKHQ WKH VZLWFK FRQQHFWLRQ LV
HQJDJHG �VHH ����������� ,Q JHQHUDO� ORVV DQG EDFN UHIOHFWLRQV DUH WKH SULPDU\ RSWLFDO HIIHFWV IURP
WKH XVH RI D VZLWFK LQ D ILEHU RSWLF OLQN�

����� &RXSOHUV� )LEHU RSWLF FRXSOHU XVH LV PRUH OLPLWHG WKDQ WKDW RI WKH RWKHU SDVVLYH ILEHU
RSWLF FRPSRQHQWV� &RPPRQ DSSOLFDWLRQV DUH LQ SDVVLYH GLVWULEXWLRQ V\VWHPV� ELGLUHFWLRQDO
FRPPXQLFDWLRQ OLQNV� DQG ZDYHOHQJWK GLYLVLRQ PXOWLSOH[HG �:'0� OLQNV� &RPPHUFLDO FRXSOHUV PD\ EH XVHG
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LQ DQ\ 1DY\ ILEHU RSWLF V\VWHP� EXW WKH FRXSOHU XVHG PXVW EH DSSURSULDWHO\ WHVWHG WR DVVXUH WKDW LW
PHHWV WKH V\VWHP UHTXLUHPHQWV� 0RVW FRPPHUFLDO FRXSOHUV DUH OLJKW GXW\ FRXSOHUV LQWHQGHG IRU XVH
LQVLGH LQWHUFRQQHFWLRQ ER[HV� UDFNV� RU HTXLSPHQWV�

������� &RQVWUXFWLRQ DQG SHUIRUPDQFH FKDUDFWHULVWLFV� 7KH EDVLF VWUXFWXUH RI D ILEHU RSWLF
FRXSOHU FRQVLVWV RI LQSXW ILEHUV WR D FRXSOLQJ UHJLRQ� WKH FRXSOLQJ UHJLRQ LWVHOI DQG WKH RXWSXW
ILEHUV� 7KH QXPEHU RI LQSXW ILEHUV DQG RXWSXW ILEHUV PD\ EH WKH VDPH RU PD\ EH GLIIHUHQW� :LWKLQ WKH
FRXSOLQJ UHJLRQ WKHUH PD\ EH DGGLWLRQDO FRPSRQHQWV VXFK DV GLFKURLF ILOWHUV� DV LQ WKH FDVH RI VRPH
ZDYHOHQJWK GLYLVLRQ PXOWLSOH[HUV� 7KHUH DUH PDQ\ GLIIHUHQW W\SHV DQG VW\OHV RI ILEHU RSWLF FRXSOHUV
DYDLODEOH� 7KH EDVLF FRXSOHU W\SHV LQFOXGH IXVHG ELFRQLFDO WDSHU �)%7�� SODQDU� JODVV URG DQG EXON
RSWLF� 7KH PRVW FRPPRQ FRPPHUFLDO ILEHU RSWLF FRXSOHU W\SH LV WKH )%7 W\SH ILEHU RSWLF FRXSOHU�

��������� %XON RSWLF DQG JODVV URG FRXSOHUV� 7KH EXON RSWLF DQG JODVV URG FRXSOHU W\SHV ZHUH
WKH ILUVW FRXSOHU W\SHV GHYHORSHG DQG VKRZ WKH KLJKHVW ORVVHV DQG WKH JUHDWHVW YDULDELOLW\ LQ
LQVHUWLRQ ORVV RI DQ\ FRXSOHU W\SHV� ,Q WKH EXON RSWLF FRXSOHU� OLJKW LV GLUHFWHG IURP WKH LQSXW
ILEHU WR WKH RXWSXW ILEHU WKURXJK WKH XVH RI OHQVHV� PLUURUV DQG EHDP VSOLWWHUV� ,Q WKH JODVV URG
FRXSOHUV WKH LQSXW OLJKW LV ODXQFKHG LQWR RQH HQG RI D JODVV PL[LQJ URG� ZKLFK WKHQ ODXQFKHV OLJKW
LQWR WKH RXWSXW ILEHUV�

��������� )%7 FRXSOHU� )%7 FRXSOHUV� WKH PRVW FRPPRQ FRXSOHU LQ WKH FRPPHUFLDO PDUNHW� DUH
FRQVWUXFWHG E\ KHDWLQJ� WZLVWLQJ� DQG IXVLQJ VHYHUDO ILEHUV WRJHWKHU� ,QLWLDOO\� WKH JUHDWHVW
ZHDNQHVVHV RI WKLV FRXSOHU W\SH ZHUH LQVHUWLRQ ORVV QRQXQLIRUPLW\ DQG FRXSOLQJ VHQVLWLYLW\ WR LQSXW
OLJKW PRGDO FRQGLWLRQV� 0RVW FXUUHQW )%7 FRXSOHUV SURGXFHG VWLOO VKRZ VRPH QRQXQLIRUPLW\ LQ LQVHUWLRQ
ORVV �HVSHFLDOO\ IRU FRXSOHUV ZLWK PDQ\ LQSXW DQG RXWSXW ILEHUV�� EXW PDQ\ GR QRW VKRZ H[FHVVLYH
VHQVLWLYLW\ WR LQSXW OLJKW PRGDO FRQGLWLRQV� )%7 FRXSOHUV RIWHQ VKRZ D KLJK VHQVLWLYLW\ RI WKH
WUDQVPLWWDQFH PDWUL[ WR LQSXW OLJKW ZDYHOHQJWK�

��������� 3ODQDU FRXSOHU� 7KH SODQDU FRXSOHU FXUUHQWO\ VKRZV WKH EHVW RYHUDOO LQVHUWLRQ
ORVV XQLIRUPLW\� WKH OHDVW ZDYHOHQJWK VHQVLWLYLW\ LQ WKH VHW RI LQSXW WR RXWSXW FRXSOLQJ ORVVHV �NQRZQ
DV WKH WUDQVIHU PDWUL[�� DQG WKH OHDVW VHQVLWLYLW\ WR LQSXW OLJKW PRGDO FRQGLWLRQV� 7KLV FRXSOHU W\SH
LV FRQVWUXFWHG XVLQJ JODVV VXEVWUDWHV DQG HLWKHU GHSRVLWLQJ ZDYHJXLGHV RQ WKH VXEVWUDWH RU PRGLI\LQJ
WKH VXEVWUDWH PDWHULDO WR SURGXFH ZDYHJXLGHV ZLWKLQ WKH VXEVWUDWH�

������� &RXSOHU DWWULEXWHV� 7KHUH DUH VHYHUDO DWWULEXWHV WKDW GHVFULEH FRXSOHU SHUIRUPDQFH�
LQVHUWLRQ ORVV� FURVVWDON �IRU :'0 W\SH GHYLFHV�� WHPSHUDWXUH VHQVLWLYLW\� ZDYHOHQJWK VHQVLWLYLW\ RI
WKH WUDQVIHU PDWUL[� DQG UXJJHGQHVV�

��������� &RXSOHU ORVV DQG EDFN UHIOHFWLRQ� )RU PRVW RI WKH FRXSOHU VW\OHV� WKH UHIOHFWHG
VLJQDO OHYHOV DUH ORZ� /RVVHV EHWZHHQ LQSXW DQG RXWSXW ILEHUV RFFXU IURP WKH EDVLF FRQQHFWLRQ ORVVHV
�VHH ���������� DV ZHOO DV IURP WKH FKDQJLQJ ZDYHJXLGH VWUXFWXUH ZLWKLQ WKH FRXSOHU� 7KH ORVV EHWZHHQ
GLIIHUHQW LQSXW DQG RXWSXW ILEHU SDLUV LV VOLJKWO\ GLIIHUHQW EHFDXVH RI GLIIHUHQFHV LQWHUQDO WR WKH
PL[LQJ UHJLRQ� 7KH WUDQVIHU PDWUL[ LV JHQHUDOO\ GLIIHUHQW IRU HDFK WUDQVPLVVLRQ ZLQGRZ� $V ZLWK WKH
RWKHU SDVVLYH ILEHU RSWLF FRPSRQHQWV� ORVV DQG EDFN UHIOHFWLRQ DUH WKH SULPDU\ RSWLFDO HIIHFWV IURP
WKH XVH RI D FRXSOHU LQ D ILEHU RSWLF OLQN�

����� ,QWHUFRQQHFWLRQ ER[HV� ,QWHUFRQQHFWLRQ ER[HV DUH XVHG LQ ILEHU RSWLF V\VWHPV WR DOORZ
HTXLSPHQW WR HIILFLHQWO\ URXWH DQG GLVWULEXWH RSWLFDO VLJQDOV WKURXJKRXW WKH VKLS� ,QWHUFRQQHFWLRQ
ER[HV IRU XVH LQ 1DY\ WDFWLFDO DQG QRQWDFWLFDO DSSOLFDWLRQV VKDOO EH LQ DFFRUGDQFH ZLWK 0,/�,������
DQG WKH VXSSRUWLQJ VSHFLILFDWLRQ VKHHWV� 7KHVH LQWHUFRQQHFWLRQ ER[HV DUH ZDWHUWLJKW DQG PD\ EH XVHG
LQ XQSURWHFWHG ORFDWLRQV WKURXJKRXW WKH VKLS� 7KHVH ER[HV VHUYH WR SURWHFW DQG LVRODWH WKH OLJKW GXW\
VLQJOH ILEHU FRQQHFWRUV� VSOLFHV RU RWKHU FRPSRQHQWV FRQWDLQHG ZLWKLQ WKHP IURP WKH VKLSERDUG
HQYLURQPHQW�

������� &RQVWUXFWLRQ� 7KH LQWHUFRQQHFWLRQ ER[ FRQVLVWV RI DQ RXWHU ER[ VWUXFWXUH DQG
LQWHUQDO FRQQHFWRU SDWFK SDQHOV� VSOLFH WUD\ KROGHUV DQG VSOLFH WUD\V� DQG FDEOH PDQDJHPHQW GHYLFHV�
6PDOO LQWHUFRQQHFWLRQ ER[HV WKDW ZLOO DFFHSW XS WR HLJKW RU �� VLQJOH ILEHU FRQQHFWRUV DUH DYDLODEOH�
7KHVH VPDOO LQWHUFRQQHFWLRQ ER[HV DUH QRW PRGXODU LQ GHVLJQ� /DUJH LQWHUFRQQHFWLRQ ER[HV DUH PRGXODU
ZLWK YHUVLRQV DYDLODEOH FRQWDLQLQJ RQH� WZR RU WKUHH PRGXOHV� (DFK PRGXOH PD\ FRQWDLQ XS WR �� VLQJOH
ILEHU FRQQHFWRUV RU �� VLQJOH ILEHU VSOLFHV� &RQQHFWRU DQG VSOLFH PRGXOHV PD\ EH PL[HG ZLWKLQ WKH
VDPH LQWHUFRQQHFWLRQ ER[� $ FRQQHFWRU PRGXOH FRQVLVWV RI D IODW SODWH �WKH SDWFK SDQHO� DQG VOLGH
FKDQQHOV WKDW WKH SODWH PRXQWV LQ� 7KH SDWFK SDQHO VOLGHV RXW RI WKH ER[ IRU HDV\ DFFHVV� 7KH SDWFK
SDQHO FRQWDLQV KROHV IRU PRXQWLQJ SDQHO PRXQW VLQJOH ILEHU FRQQHFWRU DGDSWHUV� 7KH VSOLFH PRGXOH
FRQVLVWV RI RQH RU WZR VSOLFH WUD\ KROGHUV WKDW ZLOO DFFHSW XS WR VL[ UHPRYDEOH VSOLFH WUD\V WKDW DUH
LQ DFFRUGDQFH ZLWK 0,/�6��������� 7ZR GLIIHUHQW VSOLFH WUD\V DUH DYDLODEOH� 7KH 0,/�6�����������
VSOLFH WUD\ KROGV XS WR �� VSOLFHV� EXW LV QRW D 0,/�6���� *UDGH $ VKRFN TXDOLILHG LWHP� 7KH 0,/�6�
���������� VSOLFH WUD\ KROGV XS WR � VSOLFHV DQG LV D *UDGH $ VKRFN TXDOLILHG LWHP�
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),*85( ��� 7\SLFDO 6/(' FRQVWUXFWLRQ�

����� )LEHU RSWLF VRXUFHV DQG WUDQVPLWWHUV� ,Q D ILEHU RSWLF OLQN WKH RSWLFDO WUDQVPLWWHU
FRQYHUWV DQ HOHFWULFDO VLJQDO WR D OLJKW �RSWLFDO� VLJQDO DQG ODXQFKHV WKH OLJKW LQWR WKH ILEHU� 7KH
WUDQVPLWWHU QRUPDOO\ FRQVLVWV RI DQ LQWHUIDFH FLUFXLW� DQ HOHFWULFDO GULYH FLUFXLW� D VHPLFRQGXFWRU
OLJKW VRXUFH DQG DQ RSWLFDO LQWHUIDFH �HLWKHU D FRQQHFWRU RU ILEHU RSWLF SLJWDLO�� )LEHU RSWLF
WUDQVPLWWHUV DUH DYDLODEOH WKDW ZLOO DFFHSW PRVW ORJLF W\SHV LQFOXGLQJ WUDQVLVWRU�WUDQVLVWRU ORJLF
�77/�� HPLWWHU FRXSOHG ORJLF �(&/� DQG RWKHUV� 6HPLFRQGXFWRU VRXUFHV ZLWK FHQWHU ZDYHOHQJWKV LQ
HLWKHU WKH ��� RU ���� QP WUDQVPLVVLRQ ZLQGRZV DUH DYDLODEOH� )RU DSSOLFDWLRQV ZLWK PRGHUDWH GDWD
UDWHV� VRXUFHV LQ WKH ���� QP ZLQGRZ VKRXOG EH XVHG� )LEHU RSWLF WUDQVPLWWHUV DSSURYHG WR 0,/�0�
������� DUH DYDLODEOH IRU XVH LQ GDWD OLQNV ZLWK OLQH UDWHV IURP �� WR ��� 0HJDEDXG�

������� 2SWLFDO VRXUFH W\SHV� 7KHUH DUH VHYHUDO FKRLFHV RI VHPLFRQGXFWRU OLJKW VRXUFHV IRU
ILEHU RSWLF OLQNV� 7KHVH VRXUFHV FDQ EH JURXSHG LQWR WZR EURDG FDWHJRULHV� OLJKW HPLWWLQJ GLRGHV
�/('
V� DQG ODVHU GLRGHV�

��������� /(' FRQVWUXFWLRQ DQG SHUIRUPDQFH FKDUDFWHULVWLFV� /('V DUH WKH UHFRPPHQGHG VRXUFH
W\SH IRU PXOWLPRGH ILEHU OLQNV EHFDXVH RI WKHLU ORZ FRVW DQG UHODWLYHO\ VLPSOH GULYH FLUFXLWU\� /('V
FDQ EH FDWHJRUL]HG LQWR WKUHH EDVLF JURXSV� VXUIDFH HPLWWLQJ GLRGHV �6/('�� HGJH HPLWWLQJ GLRGHV
�(/('�� DQG VXSHUOXPLQHVFHQW GLRGHV �6/'�� 7KH EDVLF GLIIHUHQFHV EHWZHHQ WKH WKUHH FDWHJRULHV DUH WKH
GLUHFWLRQ RI OLJKW HPLVVLRQ UHODWLYH WR WKH SRVLWLYH�QHJDWLYH �SQ� MXQFWLRQ DQG WKH SRZHU ODXQFKHG
LQWR WKH ILEHU�

����������� 6/('6� ,Q 6/('V WKH OLJKW RXWSXW LV SHUSHQGLFXODU WR WKH SQ MXQFWLRQ �VHH ILJXUH
���� 7KLV RXWSXW OLJKW LV LQFRKHUHQW� FRYHUV D ZLGH VSHFWUDO UDQJH DQG LV GLVWULEXWHG RYHU D ODUJHU
VROLG DQJOH WKDQ D W\SLFDO ILEHU FDQ DFFHSW�

����������� (/(' DQG 6/'� ,Q FRQWUDVW� PRVW (/(' DQG 6/' FRQVWUXFWLRQV DUH EDVHG RQ
VHPLFRQGXFWRU ODVHU FRQVWUXFWLRQV� 7KH SULPDU\ GLIIHUHQFH EHWZHHQ WKH (/(' DQG WKH ODVHU LV WKDW WKH
ODVHU FDYLW\ IDFHWV DUH PDGH QRQUHIOHFWLYH LQ WKH (/(' VR QR VWLPXODWHG HPLVVLRQ RFFXUV� )RU (/('V
WKH OLJKW RXWSXW LV SDUDOOHO WR WKH SQ MXQFWLRQ �VHH ILJXUH ���� 7\SLFDOO\� WKH OLJKW RXWSXW IURP DQ
(/(' LV GLVWULEXWHG RYHU D PXFK VPDOOHU VROLG DQJOH DQG D QDUURZHU VSHFWUDO EDQG WKDQ WKDW RI DQ 6/('�
(/('V W\SLFDOO\ ODXQFK PRUH SRZHU LQWR D PXOWLPRGH RSWLFDO ILEHU WKDQ D 6/(' �HVSHFLDOO\ IRU WKH
VPDOOHU FRUH VL]HV�QXPHULFDO DSHUWXUHV�� 7KH SULPDU\ GLIIHUHQFH EHWZHHQ WKH (/(' DQG WKH 6/' LV WKDW
LQ WKH 6/' WKH FDYLW\ IDFHWV DUH VRPHZKDW UHIOHFWLYH VR WKDW VRPH VWLPXODWHG HPLVVLRQ RFFXUV ZLWKLQ
WKH FDYLW\� 7KH RXWSXW RI DQ 6/' LV RYHU D VPDOOHU VROLG DQJOH DQG D QDUURZHU VSHFWUDO ZLGWK WKDQ
WKDW RI DQ (/('� +RZHYHU� WKH RXWSXW LV QRW IXOO\ FRKHUHQW�

����������� 3HUIRUPDQFH FRPSDULVRQ� 7KH SRZHU ODXQFKHG E\ WKH 6/' LV WKH KLJKHVW IRU WKH /('
VWUXFWXUHV� 7KH KLJKHU SRZHU GHQVLWLHV DW WKH SQ MXQFWLRQ� KRZHYHU� GHFUHDVH WKH 6/'V UHOLDELOLW\�
7KH 6/' LV QRW DV ZLGHO\ DYDLODEOH DV 6/('V DQG (/('V DQG LV QRW FRPPRQO\ XVHG DV D VRXUFH LQ



0,/�67'�����$�6+�

19

FRPPXQLFDWLRQ DSSOLFDWLRQV� 7DEOH ,9 VKRZV D FRPSDULVRQ RI WKH W\SLFDO SHUIRUPDQFHV RI WKH GLIIHUHQW
/(' W\SHV�

��������� /DVHU GLRGH FRQVWUXFWLRQ DQG SHUIRUPDQFH UHTXLUHPHQWV� 6HPLFRQGXFWRU ODVHU VRXUFHV
W\SLFDOO\ KDYH D JUHDWHU RXWSXW SRZHU DW D ORZHU GULYH FXUUHQW DQG KLJKHU EDQGZLGWK WKDQ /('V� 7KH
RXWSXW SRZHU FRXSOHG LQWR D ���� �P ILEHU IRU D W\SLFDO VHPLFRQGXFWRU ODVHU LV RQ WKH RUGHU RI �� WR
�� G%P� 7KH RXWSXW LV FRKHUHQW DQG KLJKO\ GLUHFWLRQDO� 7KH VSHFWUDO ZLGWK RI D VHPLFRQGXFWRU ODVHU
PD\ UDQJH IURP ��� QP �VLQJOH ORQJLWXGLQDO PRGH ODVHUV� WR JUHDWHU WKDQ �� QP �PXOWLPRGH ODVHU��
6HPLFRQGXFWRU ODVHUV DUH DYDLODEOH IRU XVH DW DOPRVW DQ\ FHQWHU ZDYHOHQJWK DQG KDYH PRGXODWLRQ
EDQGZLGWK LQ H[FHVV RI � JLJDKHUW] �*+]��

7$%/( ,9� /(' DQG ODVHU SHUIRUPDQFH FRPSDULVRQ�

$WWULEXWH

7\SLFDO 6RXUFH 3HUIRUPDQFH

6/(' (/(' 6/' /DVHU

��� QP ���� QP ��� QP ���� QP

/DXQFK 3RZHU �� WR ��� WR ��� WR �� WR �� WR �� WR
����� �P ILEHU� ��� G%P ��� G%P ��� G%P ��� G%P �� G%P � G%P

6SHFWUDO :LGWK �� WR ��� WR �� WR ��� QP �� WR �� QP �� WR �� QP
�):+0� ��� QP ��� QP

&HQWHU :DYHOHQJWK ��� WR ���� WR ��� WR ���� ��� WR ���� ��� WR ���� WR
��� QP ���� QP QP QP ��� QP ���� QP

0D[LPXP %DQGZLGWK ��� 0+] ��� WR ��� ! ��� 0K] ! � *+]
0+]

/LIHWLPH �� �� �� KRXUV �� KRXUV �� KRXUV�

KRXUV KRXUV

� � � �

/LQHDULW\ 0RGHUDWH 0RGHUDWH 3RRU *RRG

'ULYH &XUUHQW �� WR ��� P$ �� WR ��� P$ �� WR ��� P$ �� WR ��� P$

7HPSHUDWXUH
6HQVLWLYLW\ � WR � G% � WR �� WR �� WR �� G%

���� WR ��� &� �� G% �� G%R

127(� 7\SLFDO YDOXHV DUH VKRZQ IRU FRPSDULVRQ SXUSRVHV RQO\� &KHFN ZLWK WKH PDQXIDFWXUHUV IRU H[DFW
SHUIRUPDQFH FKDUDFWHULVWLFV IRU V\VWHP GHVLJQ SXUSRVHV�

����������� &RPSOH[LW\ RI GHVLJQ� 6HPLFRQGXFWRU ODVHUV GR KDYH VRPH GLVDGYDQWDJHV�
6HPLFRQGXFWRU ODVHU OLIHWLPHV DUH JHQHUDOO\ RQ WKH RUGHU RI �� KRXUV� DSSUR[LPDWHO\ DQ RUGHU RI�

PDJQLWXGH OHVV WKDQ PRVW /('V� 0RVW VHPLFRQGXFWRU ODVHUV DUH PRUH WHPSHUDWXUH VHQVLWLYH WKDQ DQ /('�
DQG UHTXLUH VRPH IRUP RI DXWRPDWLF SRZHU FRQWURO �$3&� FLUFXLWU\ DQG LQWHUQDO RU H[WHUQDO
WKHUPRHOHFWULF �7(� FRROHUV� 7KH FLUFXLWU\ UHTXLUHG IRU WKHVH IXQFWLRQV� ZKHWKHU LQVLGH RU RXWVLGH RI
WKH SDFNDJH� LQFUHDVHV ERWK WKH FRVW DQG FRPSOH[LW\ RI WKH OLQN� 7KH XVH RI LQWHUQDO RU H[WHUQDO 7(
FRROHUV WHQGV WR GHFUHDVH WKH WUDQVPLWWHU
V UHOLDELOLW\�

����������� ,QWHUDFWLRQ ZLWK RWKHU OLQN FRPSRQHQWV� 2QH RI WKH GLVDGYDQWDJHV RI
VHPLFRQGXFWRU ODVHUV DULVHV IURP WKH VHPLFRQGXFWRU ODVHU LQWHUDFWLRQ ZLWK RWKHU OLQN FRPSRQHQWV� :KHQ
VHPLFRQGXFWRU ODVHUV DUH XVHG ZLWK PXOWLPRGH V\VWHPV WKH QXPEHU RI ORQJLWXGLQDO PRGHV �IRU H[DPSOH�
WKH VSHFWUDO ZLGWK� RI WKH ODVHU VKRXOG EH PD[LPL]HG� ,Q JHQHUDO� LI WKH IXOO ZLGWK KDOI PD[LPXP
�):+0� VSHFWUDO ZLGWK RI WKH ODVHU LV OHVV WKDQ � QP� PRGDO QRLVH JHQHUDWHG E\ ODVHU LQWHUIHUHQFH ZLOO
EH SUHVHQW ZLWKLQ WKH OLQN DQG WKH OLQN ORVVHV ZLOO EH XQVWDEOH� )XUWKHUPRUH� ODVHUV ZLWK QDUURZ
VSHFWUDO ZLGWKV DUH PRUH VXVFHSWLEOH WR UHIOHFWLRQV IURP OLQN FRQQHFWLRQV DQG PD\ IXUWKHU GHJUDGH WKH
OLQN SHUIRUPDQFH LI ODUJH UHIOHFWLRQV DUH SUHVHQW �VHH ������� 7KH HIIHFWV RI PRGDO QRLVH FDQ EH
DYRLGHG LQ V\VWHPV XVLQJ QDUURZ VSHFWUDO ZLGWK ODVHUV LI VSHFLDO PRGXODWLRQ WHFKQLTXHV DUH XVHG �VHH
������� ,I ODVHUV ZLWK QDUURZ VSHFWUDO ZLGWKV DUH XVHG DQG WKHVH PRGXODWLRQ WHFKQLTXHV DUH QRW�
DGMXVWPHQWV WR WKH ORVV EXGJHW PXVW EH PDGH IRU PRGDO QRLVH �VHH ������� ,Q VRPH FDVHV WKH OLQN %(5
ZLOO QRW GHFUHDVH EHORZ D PLQLPXP YDOXH �NQRZQ DV D %(5 IORRU� UHJDUGOHVV RI WKH RSWLFDO SRZHU
GHOLYHUHG WR WKH UHFHLYHU�
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Heat sink

2 SiO2
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),*85( ��� 7\SLFDO (/(' FRQVWUXFWLRQ�

������� )LEHU RSWLF WUDQVPLWWHUV� )LEHU RSWLF WUDQVPLWWHUV DUH DYDLODEOH LQ PDQ\ GLIIHUHQW
IRUPV DQG ZLWK YDU\LQJ GHJUHHV RI FRPSOH[LW\� 7UDQVPLWWHU IRUPV LQFOXGH WUDQVLVWRU RXWOLQH �72� FDQV�
VLQJOH LQOLQH SDFNDJHV �6,3V�� GXDO LQOLQH SDFNDJHV �',3V�� EXWWHUIO\ OHDG SDFNDJHV� RU VPDOO FLUFXLW
ERDUGV RU ER[HV� 7KH WUDQVPLWWHU RXWSXW LQWHUIDFH PD\ EH HLWKHU D ILEHU RSWLF FRQQHFWRU DGDSWHU RU D
ILEHU RSWLF SLJWDLO� ,I D ILEHU RSWLF FRQQHFWRU DGDSWHU LV XVHG DV WKH RXWSXW LQWHUIDFH� DQ RSWLFDO
ILEHU PD\ EH XVHG LQWHUQDO WR WKH WUDQVPLWWHU SDFNDJH WR OLQN WKH RSWLFDO VRXUFH WR WKH RXWSXW
FRQQHFWRU DGDSWHU� $OWHUQDWLYHO\� WKH RSWLFDO VRXUFH PD\ PRXQW LQWR WKH RXWSXW LQWHUIDFH FRQQHFWRU
DGDSWHU VR WKDW LW ODXQFKHV GLUHFWO\ LQWR WKH ILEHU RSWLF FRQQHFWRU PDWLQJ WR WKH WUDQVPLWWHU� )RU D
WUDQVPLWWHU ZLWK DQ RXWSXW ILEHU RSWLF SLJWDLO� WKH SLJWDLO LV W\SLFDOO\ D ��� �P FRDWHG ILEHU ZLWKLQ
D � PP GLDPHWHU EXIIHU WXEH� RU D � PP VLQJOH ILEHU FDEOH� 6LQJOH ILEHU FDEOH SLJWDLOV DUH PRUH
UXJJHG DQG DUH UHFRPPHQGHG RYHU FRDWHG ILEHUV LQ ORRVH EXIIHU WXEHV�

��������� &RQVWUXFWLRQ� 7KH PRVW EDVLF WUDQVPLWWHUV FRQWDLQ D VHPLFRQGXFWRU VRXUFH LQ D ',3
RU D 72 FDQ� 7KHVH WUDQVPLWWHUV PD\ UHTXLUH VHSDUDWH FLUFXLWU\ LQ WKH V\VWHP HTXLSPHQW WR SURSHUO\
FRQGLWLRQ WKH HOHFWULFDO VLJQDO WKDW LV VXSSOLHG WR WKH WUDQVPLWWHU� 2WKHU WUDQVPLWWHUV DUH PRUH
FRPSOH[ DQG KDYH WKH LQSXW LQWHUIDFH FLUFXLW\ DQG VRXUFH GULYH FLUFXLWU\ ZLWKLQ WKH SDFNDJH� )LEHU
RSWLF WUDQVPLWWHUV IRU FRPPXQLFDWLRQV DSSOLFDWLRQV W\SLFDOO\ FRQWDLQ LQWHUIDFH FLUFXLWU\ DQG VRXUFH
GULYH FLUFXLWU\ DV ZHOO DV WKH VRXUFH� )LEHU RSWLF WUDQVPLWWHUV XVLQJ ODVHU GLRGHV UHTXLUH PRUH
FRPSOH[ FLUFXLWU\ WKDQ WUDQVPLWWHUV XVLQJ /('V� 6LPSOH ODVHUV DUH DYDLODEOH LQ 72 FDQV� EXW JHQHUDOO\
WKHVH DUH QRW XVHG LQ FRPPXQLFDWLRQV OLQNV� /DVHU WUDQVPLWWHU SDFNDJHV JHQHUDOO\ FRQWDLQ $3& FLUFXLW\
WR PRQLWRU DQG PDLQWDLQ FRQVWDQW ODVHU RXWSXW SRZHU DQG DUH LQ WKH IRUP RI D ',3� /(' WUDQVPLWWHUV GR
QRW XVXDOO\ FRQWDLQ $3& FLUFXLWU\� /DVHU GLRGH WUDQVPLWWHU SDFNDJHV PD\ DOVR FRQWDLQ DQ LQWHJUDO 7(
FRROHU� EXW JHQHUDOO\ WKH FLUFXLW\ WR FRQWURO WKH 7( FRROHU LV QRW FRQWDLQHG ZLWKLQ WKH WUDQVPLWWHU
SDFNDJH DQG PXVW EH LQFOXGHG RQ WKH SULQWHG FLUFXLW ERDUG ZKHUH WKH WUDQVPLWWHU LV PRXQWHG� &RPSOHWH
ODVHU SDFNDJHV �ER[HV� DUH DYDLODEOH ZKLFK FRQWDLQ DOO RI WKH FLUFXLWU\ UHTXLUHG WR GULYH DQG FRQWURO
WKH ODVHU�

��������� 7UDQVPLWWHU DWWULEXWHV� 7KH SULPDU\ DWWULEXWHV WKDW GHVFULEH ILEHU RSWLF
WUDQVPLWWHU SHUIRUPDQFH DUH RXWSXW SRZHU� FHQWHU ZDYHOHQJWK� VSHFWUDO ZLGWK DQG ULVH WLPH�
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)LJXUH ��� %ORFN 'LDJUDP RI D 7\SLFDO )LEHU 2SWLF 5HFHLYHU�

����� )LEHU RSWLF GHWHFWRUV DQG UHFHLYHUV� ,Q D ILEHU RSWLF OLQN� WKH RSWLFDO UHFHLYHU
FRQYHUWV WKH WUDQVPLWWHG RSWLFDO VLJQDO LQWR DQ HOHFWULFDO VLJQDO DQG� LQ VRPH FDVHV� UHPRYHV VRPH RI
WKH GLVWRUWLRQ LQWURGXFHG E\ WKH ILEHU RSWLF OLQN� $ UHFHLYHU QRUPDOO\ FRQVLVWV RI DQ RSWLFDO
LQWHUIDFH �HLWKHU D FRQQHFWRU RU ILEHU RSWLF SLJWDLO�� DQ RSWLFDO GHWHFWRU� D ORZ QRLVH DPSOLILHU� DQG
RWKHU FLUFXLWU\ WR SURGXFH WKH RXWSXW HOHFWULFDO VLJQDO �VHH ILJXUH ���� )LEHU RSWLF UHFHLYHUV DUH
DYDLODEOH WKDW SURYLGH HOHFWULFDO RXWSXW FRPSDWLEOH ZLWK WKH FRPPRQ ORJLF W\SHV LQFOXGLQJ 77/� (&/ DQG
RWKHUV� )LEHU RSWLF UHFHLYHUV DSSURYHG WR 0,/�0�������� DUH DYDLODEOH IRU XVH LQ GDWD OLQNV ZLWK OLQH
UDWHV IURP �� WR ��� 0HJDEDXG�

������� 2SWLFDO GHWHFWRU FRQVWUXFWLRQ DQG SHUIRUPDQFH FKDUDFWHULVWLFV� 2SWLFDO GHWHFWRUV FDQ
EH FDWHJRUL]HG LQWR WZR EDVLF JURXSV� SRVLWLYH�LQWULQVLF�QHJDWLYH �3,1� GLRGHV DQG DYDODQFKH
SKRWRGLRGHV �$3'V�� 7KH SULPDU\ GLIIHUHQFHV EHWZHHQ WKH GLIIHUHQW GHWHFWRU W\SHV DUH UHVSRQVLYLW\�
UHOLDELOLW\� ELDV YROWDJH DQG IUHTXHQF\ UHVSRQVH� 7DEOH 9 VKRZV D FRPSDULVRQ RI WKH W\SLFDO
SHUIRUPDQFHV RI WKH GLIIHUHQW GHWHFWRU W\SHV�

7$%/( 9� 'HWHFWRU SHUIRUPDQFH FRPSDULVRQ�

$WWULEXWH

7\SLFDO 'HWHFWRU�5HFHLYHU 3HUIRUPDQFH

3,1 $3'

��� QP ���� QP ��� QP ���� QP

0DWHULDO 6LOLFRQ *HUPDQLXP RU 6LOLFRQ *HUPDQLXP RU
,Q*D$V ,Q*D$V

0D[LPXP ��� G%P ��� G%P ��� G%P ��� G%P
6HQVLWLYLW\

:DYHOHQJWK 5DQJH � ��� WR � ���� WR � ��� WR � ���� WR
!��� QP ���� QP ! ��� QP ���� QP

0D[LPXP %DQGZLGWK ! � *+] ! � *+] ! � *+] ! � *+]

7HPSHUDWXUH 0LQLPDO 0LQLPDO 0RGHUDWH 0RGHUDWH
6HQVLWLYLW\

%LDV 9ROWDJH �� WR ��� 9 �� WR ��� 9 ! ��� 9 �� WR ��� 9

/LIHWLPH �� KRXUV �� KRXUV �� KRXUV �� KRXUV� � � �

127(� 7\SLFDO YDOXHV DUH VKRZQ IRU FRPSDULVRQ SXUSRVHV RQO\� &KHFN ZLWK WKH PDQXIDFWXUHUV IRU H[DFW
SHUIRUPDQFH FKDUDFWHULVWLFV IRU V\VWHP GHVLJQ SXUSRVHV�



Cable Penetrator
Connector

Equipment

Heavy Duty

Equipment

0,/�67'�����$�6+�

22

),*85( ��� $SSURYHG H[WHUQDO SK\VLFDO LQWHUIDFHV IRU VWDQG DORQH HTXLSPHQW�

��������� 3,1 GLRGHV� 3,1 GLRGHV DUH XVHG DV WKH GHWHFWRU LQ PRVW ILEHU RSWLF V\VWHPV� 7KH
VL]H RI WKH DFWLYH DUHD RI WKH GLRGH FDQ EH RSWLPL]HG IRU WKH SDUWLFXODU DSSOLFDWLRQ� 7KH IUHTXHQF\
UHVSRQVH RI WKH GLRGH GHFUHDVHV DV WKH GLRGH DFWLYH DUHD LQFUHDVHV LQ VL]H� )RU PRVW DSSOLFDWLRQV�
HVSHFLDOO\ WKRVH ZLWK KLJK EDQGZLGWK UHTXLUHPHQWV� WKH GLRGH DFWLYH DUHD VKRXOG EH PLQLPL]HG�
+RZHYHU� WKH GLRGH DFWLYH DUHD VKRXOG EH DV ODUJH DV WKH FRUH VL]H RI WKH OLQN ILEHU� 7\SLFDO 3,1
GLRGHV KDYH OLIHWLPHV LQ H[FHVV RI �� KRXUV DQG � G% EDQGZLGWK LQ H[FHVV RI � *+]� 7KH VHQVLWLYLW\ RI�

D 3,1 GLRGH FDQ EH HQKDQFHG E\ FRPELQLQJ LW ZLWK D ILHOG HIIHFW WUDQVLVWRU �)(7�� 7KHVH K\EULG
GHWHFWRUV DUH FDOOHG 3,1)(7V� 5HFHLYHUV XWLOL]LQJ 3,1)(7 GHWHFWRUV W\SLFDOO\ KDYH JUHDWHU VHQVLWLYLW\
WKDQ WKH\ ZRXOG LI VLPSOH 3,1 GLRGHV ZHUH XVHG�

��������� $YDODQFKH SKRWRGLRGHV� $3'V DUH JHQHUDOO\ XVHG DV GHWHFWRUV LQ DSSOLFDWLRQV ZKHUH
VHQVLWLYLWLHV DUH UHTXLUHG WKDW FDQQRW EH REWDLQHG ZLWK D 3,1 RU 3,1)(7� 6LOLFRQ $3'V W\SLFDOO\
UHTXLUH ELDV YROWDJHV RI RYHU ��� YROWV� ZKLOH JHUPDQLXP $3'V UHTXLUH ELDV YROWDJHV XS WR D IHZ WHQV
RI YROWV� 7KLV QHFHVVLWDWHV WKH DYDLODELOLW\ RI D KLJK YROWDJH VRXUFH IRU WKH UHFHLYHU� FRPSOLFDWHV
UHFHLYHU GHVLJQ DQG GHFUHDVHV WKHUPDO VWDELOLW\� $3'V KDYH OLIHWLPHV RQ WKH RUGHU RI �� KRXUV DQG�

EDQGZLGWK LQ H[FHVV RI � *+]� $3'V H[KLELW DQ LQYHUVH UHODWLRQVKLS EHWZHHQ JDLQ DQG IUHTXHQF\
UHVSRQVH� 7KDW LV� WKH $3' EDQGZLGWK LV PD[LPXP ZKHQ WKH JDLQ LV DW D PLQLPXP� ,Q JHQHUDO� $3'V KDYH
D ORZHU IUHTXHQF\ UHVSRQVH WKDQ D 3,1 RU 3,1)(7� +RZHYHU� WKH UHVSRQVLYLW\ RI WKH $3' LV PXFK JUHDWHU
WKDQ WKDW RI HLWKHU WKH 3,1 RU WKH 3,1)(7 OHDGLQJ WR UHFHLYHUV ZLWK PXFK JUHDWHU VHQVLWLYLW\ WKDQ
SRVVLEOH ZLWK 3,1V RU 3,1)(7V�

������� )LEHU RSWLF UHFHLYHUV� )LEHU RSWLF UHFHLYHUV DUH DOVR DYDLODEOH LQ PDQ\ GLIIHUHQW
IRUPV DQG ZLWK YDU\LQJ GHJUHHV RI FRPSOH[LW\� 5HFHLYHUV DUH DYDLODEOH LQ 72 FDQV� K\EULG PLFURFLUFXLW
',3V DQG EXWWHUIO\ OHDG SDFNDJHV� RU VPDOO FLUFXLW ERDUGV RU ER[HV�

��������� &RQVWUXFWLRQ� 7KH PRVW EDVLF UHFHLYHUV FRQVLVW RI D VHPLFRQGXFWRU GHWHFWRU DQG DQ
DPSOLILHU LQ D 72 FDQ� 7KHVH UHFHLYHUV UHTXLUH VHSDUDWH FLUFXLWU\ LQ WKH V\VWHP HTXLSPHQW WR
FRQGLWLRQ WKH RXWSXW HOHFWULFDO VLJQDO DQG DUH IRU XVH LQ OLQNV ZLWK UHODWLYHO\ ORZ GDWD UDWHV� 2WKHU
UHFHLYHUV DUH PRUH FRPSOH[ DQG DOVR KDYH WKH VLJQDO FRQGLWLRQLQJ FLUFXLWU\ ZLWKLQ WKH UHFHLYHU
SDFNDJH� 6RPH UHFHLYHUV FRQWDLQ OLQN GLDJQRVWLF FLUFXLWU\ WKDW PRQLWRUV WKH UHFHLYHU LQSXW RSWLFDO
SRZHU� 7KH PRVW FRPSOH[ UHFHLYHUV LQFOXGH WKH DPSOLILHUV� VLJQDO FRQGLWLRQLQJ FLUFXLWU\� FORFN
UHFRYHU\ DQG OLQN GLDJQRVWLF FLUFXLWU\ ZLWKLQ WKH SDFNDJH� 7KH UHFHLYHU LQSXW RSWLFDO LQWHUIDFH PD\
EH HLWKHU D ILEHU RSWLF FRQQHFWRU DGDSWHU RU D ILEHU RSWLF SLJWDLO� 7KH UHFHLYHU LQSXW RSWLFDO
LQWHUIDFH LV VLPLODU WR WKH WUDQVPLWWHU RSWLFDO LQWHUIDFH� 6HH ������� IRU LQIRUPDWLRQ RQ WKH RSWLFDO
LQWHUIDFH�

��������� 5HFHLYHU DWWULEXWHV� 7KH SULPDU\ DWWULEXWHV WKDW GHVFULEH ILEHU RSWLF UHFHLYHU
SHUIRUPDQFH DUH VHQVLWLYLW\� IUHTXHQF\ UHVSRQVH� VSHFWUDO UHVSRQVH UDQJH� UHOLDELOLW\ DQG G\QDPLF
UDQJH�

��� ,QWHU�HTXLSPHQW FRQQHFWLRQV�

����� (TXLSPHQW H[WHUQDO SK\VLFDO LQWHUIDFHV� (TXLSPHQW H[WHUQDO SK\VLFDO LQWHUIDFHV VKDOO
EH DV VSHFLILHG LQ ������� DQG ��������

������� 6WDQG�DORQH HTXLSPHQW� (TXLSPHQW H[WHUQDO SK\VLFDO LQWHUIDFHV IRU VWDQG�DORQH
HTXLSPHQW VKDOO EH HLWKHU D KHDY\ GXW\ 0,/�&������ FRQQHFWRU RU D 1DY\ DSSURYHG FDEOH SHQHWUDWRU�
&DEOH SHQHWUDWRUV LQFOXGH VWXIILQJ WXEHV DQG PXOWLSOH FDEOH SHQHWUDWRUV� ,Q QR FDVH VKDOO OLJKW GXW\

FRQQHFWRUV EH XVHG DV WKH HTXLSPHQW H[WHUQDO SK\VLFDO LQWHUIDFH� )LJXUH �� VKRZV DSSURYHG VWDQG�DORQH
HTXLSPHQW H[WHUQDO SK\VLFDO LQWHUIDFHV�
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),*85( ��� $SSURYHG UDFN�PRXQWHG HTXLSPHQW H[WHUQDO SK\VLFDO LQWHUIDFHV�

������� 5DFN PRXQWHG HTXLSPHQW� (TXLSPHQW H[WHUQDO SK\VLFDO LQWHUIDFHV IRU UDFN PRXQWHG
HTXLSPHQW VKDOO EH HLWKHU D KHDY\ GXW\ 0,/�&������ FRQQHFWRU RU OLJKW GXW\ 0,/�&��������� FRQQHFWRUV�
,I OLJKW GXW\ FRQQHFWRUV DUH XVHG DV WKH HTXLSPHQW H[WHUQDO SK\VLFDO LQWHUIDFH� WKH\ VKDOO EH
SURWHFWHG ZLWKLQ WKH HTXLSPHQW UDFN DQG WKH HTXLSPHQW UDFN VKDOO KDYH DQ H[WHUQDO SK\VLFDO LQWHUIDFH
DV GHVFULEHG LQ �������� )LJXUH �� VKRZV DSSURYHG UDFN PRXQWHG HTXLSPHQW H[WHUQDO SK\VLFDO
LQWHUIDFHV�

����� 'LUHFW LQWHU�HTXLSPHQW RU LQWHU�UDFN FRQQHFWLRQV� 7KH PRVW EDVLF LQWHU�HTXLSPHQW RU
LQWHU�UDFN FRQQHFWLRQ LV D GLUHFW FRQQHFWLRQ �D VLQJOH FDEOH EHWZHHQ WKH WZR HTXLSPHQWV RU UDFNV��
'LUHFW LQWHU�HTXLSPHQW RU GLUHFW LQWHU�UDFN FRQQHFWLRQV VKDOO EH XVHG RQO\ ZKHQ OLQN UHTXLUHPHQWV
FDQQRW EH PHW LI LQWHUPHGLDWH LQWHUFRQQHFWLRQ ER[HV DUH XVHG� ,I GLUHFW LQWHU�HTXLSPHQW RU LQWHU�UDFN
FRQQHFWLRQV DUH XVHG� WKH KHDY\ GXW\ 0,/�&������ FRQQHFWRU LV UHFRPPHQGHG DV WKH HTXLSPHQW RU UDFN
H[WHUQDO SK\VLFDO LQWHUIDFH�

����� )LEHU RSWLF FDEOH WRSRORJ\ FRQQHFWLRQV� 7KH UHFRPPHQGHG DSSURDFK IRU LQWHU�HTXLSPHQW
RU LQWHU�UDFN FRQQHFWLRQV LV WR XVH LQWHUPHGLDWH LQWHUFRQQHFWLRQ ER[HV ZLWK WUXQN DQG ORFDO FDEOHV
�IRU H[DPSOH� WKH VKLSERDUG ILEHU RSWLF FDEOH WRSRORJ\�� $OO V\VWHPV VKDOO EH GHVLJQHG WR KDYH DQ
DFFHSWDEOH ORVV EXGJHW �VHH ���� IRU VKLSERDUG LPSOHPHQWDWLRQV XVLQJ WZR LQWHUPHGLDWH LQWHUFRQQHFWLRQ
ER[HV EHWZHHQ HTXLSPHQWV�

��� ,QWUD�HTXLSPHQW RU LQWUD�UDFN RUJDQL]DWLRQ� (TXLSPHQW LQWHUQDO RUJDQL]DWLRQ VKDOO EH DV
VSHFLILHG LQ ����� WKURXJK ������

����� &DEOH URXWLQJ ZLWKLQ HTXLSPHQWV RU UDFNV�

������� *HQHUDO� )LEHU SDWKV ZLWKLQ HTXLSPHQW RU UDFNV VKDOO EH HVWDEOLVKHG XVLQJ VLQJOH RU
PXOWLILEHU FDEOHV� %XIIHUHG ILEHUV VKDOO QRW EH URXWHG ZLWKLQ HTXLSPHQW H[FHSW RQ FLUFXLW FDUGV �VHH
������� )LEHU RSWLF FDEOHV VKDOO EH URXWHG ZLWKLQ HTXLSPHQW RU UDFNV XVLQJ URXWLQJ KDQJHUV RU RWKHU
URXWLQJ VWUXFWXUHV� 7KH FDEOH UXQV VKDOO EH URXWHG VR WKDW WKH\ ZLOO QRW LQWHUIHUH ZLWK PDLQWHQDQFH
DFWLYLWLHV DQG GR QRW H[FHHG WKH VSHFLILHG PLQLPXP EHQG GLDPHWHU� &DEOH UXQV VKDOO EH PDGH ZLWK
VXIILFLHQW FDEOH OHQJWK WR DOORZ IRU FRQQHFWRU UHSODFHPHQW RU UHSDLU� &DEOH UXQV VKDOO KDYH DPSOH
VODFN WR SHUPLW RSHQLQJ DQG FORVLQJ RI GRRUV DQG VOLGLQJ RI GUDZHUV� $OO FDEOHV VKRXOG EH IDVWHQHG DW
DSSURSULDWH SRLQWV WR SUHYHQW GDPDJH FDXVHG E\ H[FHVVLYH PRWLRQ� EHQGLQJ� FKDILQJ RU SLQFKLQJ DW
KLQJHV� &DEOHV PD\ EH VHFXUHG ZLWK JUDVVKRSSHU FOLSV� YHOFUR� 579� DGKHVLYH RU FDEOH WLHV LI
QHFHVVDU\� ,I FDEOH WLHV DUH XVHG� WKH\ VKDOO EH DGMXVWHG VR WKDW WKH FDEOH LV ORRVHO\ KHOG �FDEOH
WLHV WKDW DUH RYHU�WLJKWHQHG ZLOO GDPDJH WKH ILEHUV��

������� &DEOH URXWLQJ IURP H[WHUQDO VWXIILQJ WXEH SK\VLFDO LQWHUIDFHV� &DEOHV HQWHULQJ
HTXLSPHQWV RU UDFNV WKURXJK D VWXIILQJ WXEH VKDOO QRW EH URXWHG WKURXJKRXW WKH HTXLSPHQW RU UDFN WR
DUHDV UHPRWH IURP WKH VWXIILQJ WXEH HQWUDQFH� 7KH OHQJWK RI FDEOHV HQWHULQJ HTXLSPHQWV RU UDFNV
WKURXJK D VWXIILQJ WXEH VKDOO EH PLQLPL]HG LQVLGH RI WKH HTXLSPHQW RU UDFN� ,I FDEOLQJ LV UHTXLUHG
UHPRWH WR WKH VWXIILQJ WXEH HQWUDQFH� FRQQHFWRU SDWFK SDQHOV RU VSOLFH WUD\V RU KROGHUV VKDOO EH XVHG
WR SURYLGH WHUPLQDWLRQV EHWZHHQ WKH FDEOH HQWHULQJ WKH HTXLSPHQW WKURXJK WKH VWXIILQJ WXEH DQG DQ
LQWHUQDO HTXLSPHQW ZLULQJ KDUQHVV FDEOHV� 5HPRYDEOH SDQHOV VKDOO EH SURYLGHG RQ WKH HTXLSPHQW QHDU
WKH VWXIILQJ WXEH WR SURYLGH DFFHVV WR WKH FDEOH WHUPLQDWLRQ DUHD IRU LQVWDOODWLRQ DQG PDLQWHQDQFH
SHUVRQQHO� ,Q QR FDVH VKDOO HTXLSPHQW GLVDVVHPEO\ EH UHTXLUHG WR UHWHUPLQDWH FDEOHV HQWHULQJ WKH
HTXLSPHQW WKURXJK D VWXIILQJ WXEH�

����� ,QWHUQDO HTXLSPHQW RU UDFN FRQQHFWLRQV�

������� 6LQJOH ILEHU LQWHUQDO FRQQHFWLRQV� 6LQJOH ILEHU LQWHUQDO HTXLSPHQW RU HTXLSPHQW UDFN
FRQQHFWLRQV VKDOO XVH VLQJOH ILEHU FRQQHFWRUV LQ DFFRUGDQFH ZLWK 0,/�&��������� RU VLQJOH ILEHU
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VSOLFHV LQ DFFRUGDQFH ZLWK 0,/�6��������� 6LQJOH ILEHU FRQQHFWRUV VKDOO EH PDWHG XVLQJ SDQHO PRXQW
DGDSWHUV PRXQWHG RQ SDWFK SDQHOV RU PRGXOH IUDPHV RU VKDOO GLUHFWO\ PDWH ZLWK HTXLSPHQW WUDQVPLWWHUV
DQG UHFHLYHUV� 6LQJOH ILEHU VSOLFHV VKDOO EH PRXQWHG LQ VSOLFH WUD\V �SHU 0,/�6��������� RU VSOLFH
KROGHUV PRXQWHG ZLWKLQ WKH HTXLSPHQW RU WKH HTXLSPHQW UDFN� 6LQJOH ILEHU FRQQHFWRUV RU VSOLFHV VKDOO
QRW EH ORRVHO\ SODFHG LQVLGH HTXLSPHQW RU HTXLSPHQW UDFNV RU KHOG LQ SODFH ZLWK FDEOH WLHV RU VDIHW\
ZLUHV�

������� 0XOWLILEHU LQWHUQDO FRQQHFWLRQV� &RQQHFWRUV XVHG IRU PXOWLILEHU LQWHUQDO HTXLSPHQW
RU HTXLSPHQW UDFN FRQQHFWLRQV VKDOO EH DSSURYHG E\ WKH )LEHU 2SWLF 3URJUDP 2IILFH� 7KLV DSSOLHV WR
FDUG HGJH FRQQHFWRUV� GUDZHU FRQQHFWRUV RU PRGXOH FRQQHFWRUV� ,QWHUQDO HTXLSPHQW RU HTXLSPHQW UDFN
FRQQHFWLRQV PD\ EH PDGH XVLQJ K\EULG FRQQHFWRUV FRQWDLQLQJ ERWK HOHFWULFDO DQG RSWLFDO FRQQHFWLRQV�
,I K\EULG FRQQHFWRUV DUH XVHG LQWHUQDO WR WKH HTXLSPHQW RU HTXLSPHQW UDFN� WKHVH DOVR VKDOO EH
DSSURYHG E\ WKH )LEHU 2SWLF 3URJUDP 2IILFH�

����� &DEOH RU EXIIHUHG ILEHU URXWLQJ RQ FLUFXLW FDUGV� 6LQJOH ILEHU FDEOHV RU EXIIHUHG
ILEHUV VKDOO EH URXWHG RQ FLUFXLW FDUGV XVLQJ 579� DGKHVLYHV� URXWLQJ IL[WXUHV DQG FODPSV� $OO VLQJOH
ILEHU FDEOHV RU EXIIHUHG ILEHUV VKDOO EH PRXQWHG WR WKH FLUFXLW FDUG DW LQWHUYDOV QRW JUHDWHU WKDQ ���
PP� 7KH KHLJKW RI DQ\ SDUW RI WKH VLQJOH ILEHU FDEOHV RU EXIIHUHG ILEHUV IURP WKH FLUFXLW FDUG VKDOO
QRW H[FHHG WKH KHLJKW RI WKH WDOOHVW FRPSRQHQW RQ WKH FLUFXLW FDUG� %XIIHUHG ILEHUV VKDOO QRW H[WHQG
EH\RQG WKH HGJHV RI WKH FLUFXLW FDUG� 6LQJOH ILEHU FDEOHV DQG EXIIHUHG ILEHUV VKDOO QRW EH URXWHG LQ
FRQWDFW ZLWK FLUFXLW FDUG FRPSRQHQWV ZLWK H[WHUQDO WHPSHUDWXUHV LQ H[FHVV RI �� GHJUHHV &HOVLXV � &��R

6LQJOH ILEHU FDEOHV DQG EXIIHUHG ILEHUV VKDOO QRW EH URXWHG ZLWK EHQG GLDPHWHUV OHVV WKDQ �� PP� $Q\
ILEHU H[LWLQJ D FLUFXLW FDUG VKDOO EH FRQWDLQHG LQ D VLQJOH ILEHU FDEOH�

�� '(7$,/(' 5(48,5(0(176

��� *HQHUDO� 7KLV VHFWLRQ GHWDLOV WKH RSWLFDO OLQN GHVLJQ SURFHVV� 7KH V\VWHP FRPPXQLFDWLRQ
UHTXLUHPHQWV DQG V\VWHP SK\VLFDO FRQILJXUDWLRQ LQIRUPDWLRQ DUH UHTXLUHG LQ WKH RSWLFDO OLQN GHVLJQ
SURFHVV� VR WKRVH DVSHFWV RI WKH V\VWHP GHVLJQ PXVW EH FRPSOHWH EHIRUH WKH OLQN GHVLJQ SURFHVV EHJLQV�
7KLV VHFWLRQ OHDGV WKH RSWLFDO OLQN GHVLJQHU WKURXJK WKH GHVLJQ SURFHVV LQ DQ RUGHUO\ PDQQHU�
7KURXJKRXW WKH SURFHVV� WKH LQIRUPDWLRQ DQG GHFLVLRQV WKDW DUH UHTXLUHG LQ RUGHU WR FRPSOHWH WKH
GHVLJQ DUH KLJKOLJKWHG� 7KLV VHFWLRQ DGGUHVVHV WKRVH GHFLVLRQV LQYROYHG LQ WKH GHVLJQ RI WKH RSWLFDO
OLQN LQFOXGLQJ WKH ILEHU WUDGHRIIV� SDVVLYH FRPSRQHQW GHFLVLRQV� DQG RSWLFDO�WR�HOHFWULFDO DQG
HOHFWULFDO�WR�RSWLFDO FRQYHUVLRQ FRPSRQHQWV� 7KLV VHFWLRQ GRHV QRW� KRZHYHU� DGGUHVV WKH HOHFWULFDO
FLUFXLW GHVLJQ QHFHVVDU\ WR VXSSRUW WKH HOHFWUR�RSWLFDO FRPSRQHQWV �IRU H[DPSOH� VRXUFH GULYH
FLUFXLWV� GHWHFWRU DPSOLILHUV� DQG VR IRUWK�� 7KH WUDGHRIIV DVVRFLDWHG ZLWK WKH XVH RI GLIIHUHQW
FRPSRQHQWV ZLWKLQ WKH OLQN DUH GLVFXVVHG LQ ���� $Q RYHUYLHZ RI WKH OLQN GHVLJQ SURFHVV LV JLYHQ LQ
���� GHWDLOLQJ WKH V\VWHP FRQILJXUDWLRQ DQG FRPSRQHQW SHUIRUPDQFH LQIRUPDWLRQ WKDW WKH OLQN GHVLJQHU
PXVW KDYH DYDLODEOH GXULQJ WKH GHVLJQ SURFHVV� 'HWDLOHG RSWLFDO ORVV DQG EDQGZLGWK EXGJHWLQJ IRUPXODH
DUH JLYHQ LQ ��� DQG ���� ���� DQG ���� UHVSHFWLYHO\� $GMXVWPHQWV WKDW FDQ EH PDGH WR WKH ORVV EXGJHW
DUH GLVFXVVHG LQ ���� 5HOLDELOLW\ SUHGLFWLRQV IRU WKH VWDQGDUG 1DY\ ILEHU RSWLF FRPSRQHQW W\SHV DUH
JLYHQ LQ ���� 6HFWLRQ ���� GHVFULEHV WKH ILEHU RSWLF GHVLJQ LVVXHV FRYHUHG LQ WKH H[DPSOHV LQ
$SSHQGLFHV $ DQG %�

����� 0DLQWDLQDELOLW\ FRQVLGHUDWLRQV� 7KH PDLQWDLQDELOLW\ FRQVLGHUDWLRQV KHUHLQ VKDOO EH
FRQVLGHUHG ZKHQ GHVLJQLQJ WKH ILEHU RSWLF OLQN�

������� 5HSDLUDELOLW\� 7KURXJKRXW WKH GHVLJQ SURFHVV� WKH GHVLJQ HQJLQHHU VKDOO HQVXUH WKDW
RSWLFDO FRPSRQHQWV DUH DFFHVVLEOH DQG UHSDLUDEOH DW WKH RUJDQL]DWLRQ DQG LQWHUPHGLDWH OHYHOV� 6SHFLDO
FRQVLGHUDWLRQ VKRXOG EH JLYHQ WR WKRVH FRPSRQHQWV ORFDWHG LQ HTXLSPHQW GUDZHUV DQG UDFNV DV IROORZV�

D� 3URYLGH FDEOH VHUYLFH UHSDLU ORRSV RU XVH LQGLUHFW FDEOH URXWLQJ WR SURYLGH HQRXJK
VODFN IRU DW OHDVW WZR UHFRQQHFWLRQV�

E� $OORZ HQRXJK VODFN LQ FDEOH URXWLQJ VR WKDW PLQLPXP EHQG GLDPHWHUV DUH QRW H[FHHGHG�
F� 5RXWH FDEOHV WR SURYLGH SURWHFWLRQ IURP VKDUS HGJHV DQG PRYLQJ MRLQWV�

������� /RJLVWLFV� 6WDQGDUGL]HG FRPSRQHQWV� WRROV� DQG WHVW HTXLSPHQW VKDOO EH VSHFLILHG
ZKHQ SRVVLEOH WR UHGXFH ORJLVWLF VXSSRUW SUREOHPV�

����� 6\VWHP VSDUH DQG UHGXQGDQW RSWLFDO SDWKV� 6\VWHP VSDULQJ DQG UHGXQGDQF\ UHTXLUHPHQWV
VKDOO EH FRQVLGHUHG E\ WKH V\VWHP GHVLJQHU�

��� &RPSRQHQW VHOHFWLRQ� 7KHUH DUH VHYHUDO EDVLF FRPSRQHQW WUDGHRIIV WKDW PXVW EH FRQVLGHUHG
GXULQJ WKH RSWLFDO OLQN GHVLJQ SURFHVV� &RPSRQHQW UHTXLUHPHQWV DQG UHFRPPHQGDWLRQV RI FRPSRQHQW
VHOHFWLRQV IRU GLIIHUHQW DSSOLFDWLRQV DUH GLVFXVVHG LQ ����� WKURXJK �������

����� 2SWLFDO ILEHU� 7ZR VWDQGDUG ILEHU W\SHV DUH DYDLODEOH IRU XVH� �������� �P PXOWLPRGH
DQG VLQJOH PRGH ILEHU� 7KH VWDQGDUG PXOWLPRGH ILEHU LV UHFRPPHQGHG IRU XVH XQOHVV WKH OLQN GDWD UDWH
UHTXLUHPHQWV DUH EH\RQG WKH EDQGZLGWK OLPLWV RI PXOWLPRGH OLQNV� )RU KLJK GDWD UDWH V\VWHPV �GDWD
UDWHV EH\RQG WKH OLPLWV RI DYDLODEOH /(' VRXUFHV� VLQJOH PRGH ILEHU LV UHFRPPHQGHG� 2SWLFDO ILEHUV
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XVHG LQ 1DY\ WDFWLFDO DSSOLFDWLRQV VKDOO EH LQ DFFRUGDQFH ZLWK 0,/�)�������� DQG 0,/�)���������
0XOWLPRGH ILEHUV XVHG LQ 1DY\ QRQWDFWLFDO DSSOLFDWLRQV VKDOO EH �������� �P ILEHU�

����� )LEHU RSWLF FDEOH� $OO LQWHUFRPSDUWPHQW ILEHU RSWLF FDEOH XVHG LQ 1DY\ WDFWLFDO DQG
QRQWDFWLFDO DSSOLFDWLRQV DQG DOO LQWUDFRPSDUWPHQW ILEHU RSWLF FDEOH XVHG LQ 1DY\ WDFWLFDO DSSOLFDWLRQV
VKDOO EH LQ DFFRUGDQFH ZLWK 0,/�&������� ,QWUDFRPSDUWPHQW ILEHU RSWLF FDEOH XVHG LQ QRQWDFWLFDO
DSSOLFDWLRQV PD\ EH FRPPHUFLDO SURGXFW� &RPPHUFLDO FDEOHV XVHG VKDOO EH RI D EUHDNRXW GHVLJQ DQG
VKDOO PHHW WKH KDORJHQ FRQWHQW� VPRNH JHQHUDWLRQ� DFLG JDV JHQHUDWLRQ� DQG IODPH UHVLVWDQFH
UHTXLUHPHQWV GHILQHG LQ 0,/�&�������

����� 6LQJOH WHUPLQXV FRQQHFWRUV� 6LQJOH WHUPLQXV FRQQHFWRUV XVHG LQ 1DY\ WDFWLFDO
DSSOLFDWLRQV VKDOO EH LQ DFFRUGDQFH ZLWK 0,/�&���������� 6LQJOH WHUPLQXV FRQQHFWRUV XVHG LQ 1DY\
QRQWDFWLFDO DSSOLFDWLRQV PD\ EH FRPPHUFLDO SURGXFW� &RPPHUFLDO VLQJOH WHUPLQXV FRQQHFWRUV XVHG VKDOO
EH FRPSDWLEOH ZLWK 0,/�&��������� DQG FDSDEOH RI EHLQJ WHUPLQDWHG XVLQJ 0,/�&��������� FRQQHFWRU
WHUPLQDWLRQ NLWV� 8VH RI WKH VLQJOH WHUPLQXV FRQQHFWRUV ZLWKLQ D JLYHQ OLQN RU ORFDWLRQ VKDOO EH DV
VSHFLILHG LQ ������ DQG �������

����� 0XOWLWHUPLQXV FRQQHFWRUV� 0XOWLWHUPLQXV FRQQHFWRUV XVHG DV H[WHUQDO HTXLSPHQW
FRQQHFWRUV LQ 1DY\ WDFWLFDO DSSOLFDWLRQV VKDOO EH LQ DFFRUGDQFH ZLWK 0,/�&������ DQG WKH VXSSRUWLQJ
VSHFLILFDWLRQ VKHHWV� 0XOWLWHUPLQXV FRQQHFWRUV XVHG LQWHUQDO WR HTXLSPHQW LQ 1DY\ WDFWLFDO
DSSOLFDWLRQV� RU LQ QRQWDFWLFDO DSSOLFDWLRQV PD\ EH FRPPHUFLDO SURGXFW� 7KH XVH RI PXOWLWHUPLQXV
FRQQHFWRUV IRU H[WHUQDO FRQQHFWLRQV VKDOO EH LQ DFFRUGDQFH ZLWK �������

����� 6SOLFHV� 6LQJOH ILEHU VSOLFHV XVHG LQ 1DY\ WDFWLFDO DSSOLFDWLRQV VKDOO EH LQ
DFFRUGDQFH ZLWK 0,/�6��������� 6LQJOH ILEHU VSOLFHV XVHG LQ 1DY\ QRQWDFWLFDO DSSOLFDWLRQV PD\ EH
FRPPHUFLDO SURGXFW� &RPPHUFLDO VLQJOH ILEHU VSOLFHV XVHG VKDOO EH FRPSDWLEOH ZLWK DQG FDSDEOH RI
EHLQJ WHUPLQDWHG XVLQJ 0,/�6�������� VSOLFH WHUPLQDWLRQ NLWV� 7KH XVH RI WKH VSOLFH ZLWKLQ D JLYHQ
OLQN RU ORFDWLRQ VKDOO EH DV VSHFLILHG LQ ������ DQG �������

����� 6ZLWFK� 7KH ILEHU RSWLF VZLWFKHV XVHG LQ 1DY\ WDFWLFDO DSSOLFDWLRQV VKDOO EH LQ
DFFRUGDQFH ZLWK 0,/�6������� )LEHU RSWLF VZLWFKHV XVHG LQ 1DY\ QRQWDFWLFDO DSSOLFDWLRQV PD\ EH
FRPPHUFLDO SURGXFW�

����� &RXSOHU� 7KH ILEHU RSWLF FRXSOHUV XVHG LQ 1DY\ WDFWLFDO DQG QRQ WDFWLFDO DSSOLFDWLRQV
PD\ EH FRPPHUFLDO SURGXFW� &RPPHUFLDO FRXSOHUV XVHG VKDOO EH KRXVHG ZLWKLQ SURWHFWLYH HQFORVXUHV RU
HTXLSPHQWV� 7KH FRXSOHU H[WHUQDO LQWHUIDFHV VKDOO EH D VLQJOH ILEHU FRQQHFWRU DGDSWHU LQWHUIDFHV RU
VLQJOH ILEHU FDEOH SLJWDLOV�

����� ,QWHUFRQQHFWLRQ ER[� 7KH LQWHUFRQQHFWLRQ ER[HV XVHG LQ 1DY\ WDFWLFDO DQG QRQWDFWLFDO
DSSOLFDWLRQV VKDOO EH LQ DFFRUGDQFH ZLWK 0,/�,�������

����� 7UDQVPLWWHU W\SHV DQG IHDWXUHV�

������� 7UDQVPLVVLRQ ZDYHOHQJWK� 7KH VWDQGDUG 1DY\ WUDQVPLVVLRQ ZDYHOHQJWK LV ���� � �� QP�
$OO WDFWLFDO GDWD OLQNV VKDOO RSHUDWH LQ WKLV ZDYHOHQJWK UDQJH� 1RQWDFWLFDO OLQNV PD\ RSHUDWH LQ
RWKHU ZDYHOHQJWK UDQJHV� EXW JHQHUDO SXUSRVH WHVW HTXLSPHQW IRU ILEHU RSWLFV PD\ QRW EH DYDLODEOH
VKLSERDUG WR VXSSRUW RWKHU ZDYHOHQJWKV� $OO OLQNV ZLWK GDWD UDWHV EH\RQG �� 0ESV VKRXOG XVH WKH
VWDQGDUG 1DY\ WUDQVPLVVLRQ ZLQGRZ�

������� 0XOWLPRGH ILEHU OLQNV� 0XOWLPRGH V\VWHPV ZLWK HLWKHU 6/(' RU (/(' WUDQVPLWWHUV DUH
UHFRPPHQGHG IRU XVH DERDUG 1DY\ VKLSV� ,Q OLQNV WKDW DUH PDUJLQDO LQ SRZHU RU EDQGZLGWK� (/('
WUDQVPLWWHUV DUH UHFRPPHQGHG� ,Q OLQNV ZKHUH WKH WUDQVPLWWHU ZLOO H[SHULHQFH ODUJH WHPSHUDWXUH
YDULDWLRQV� 6/(' WUDQVPLWWHUV DQG FRQVWDQW SRZHU FRQWURO FLUFXLWU\ LV UHFRPPHQGHG� 7KH XVH RI 6/'
WUDQVPLWWHUV LV QRW UHFRPPHQGHG� ,I /(' WUDQVPLWWHUV GR QRW KDYH VXIILFLHQW GDWD UDWHV RU FDQQRW
SURYLGH D VXIILFLHQW ORVV EXGJHW� ODVHU WUDQVPLWWHUV PD\ EH XVHG� ,I ODVHU WUDQVPLWWHUV DUH XVHG WKH
ODVHU ):+0 VSHFWUDO ZLGWK VKDOO EH JUHDWHU WKDQ �� QP�

������� 6LQJOH PRGH ILEHU OLQNV� )RU VLQJOH PRGH ILEHU OLQNV ODVHU WUDQVPLWWHUV DUH
UHFRPPHQGHG� ,W LV DOVR UHFRPPHQGHG WKDW ODVHU WUDQVPLWWHUV KDYH RXWSXW SRZHU FRQWURO FLUFXLWU\� ,Q
OLQNV ZKHUH WKH WUDQVPLWWHU ZLOO H[SHULHQFH ODUJH WHPSHUDWXUH YDULDWLRQV� 7( KHDWHUV DQG FRROHUV DUH
DOVR UHFRPPHQGHG�

������ (TXLSPHQW FRQQHFWLRQV�

�������� 6WDQG�DORQH HTXLSPHQW� +HDY\ GXW\ 0,/�&������ FRQQHFWRUV DUH UHFRPPHQGHG IRU VWDQG�
DORQH HTXLSPHQW H[WHUQDO LQWHUIDFHV� &DEOH SHQHWUDWLRQV VKDOO EH XVHG IRU HTXLSPHQW H[WHUQDO
LQWHUIDFHV RQO\ ZKHQ WKH XVH RI WKH FDEOH SHQHWUDWLRQ SURYLGHV SHUIRUPDQFH RU RWKHU EHQHILWV QRW
REWDLQDEOH XVLQJ D KHDY\ GXW\ FRQQHFWRU LQWHUIDFH�
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�������� 5DFN PRXQWHG HTXLSPHQW�

���������� (TXLSPHQW FRQQHFWLRQV� /LJKW GXW\ 0,/�&��������� FRQQHFWRUV DUH UHFRPPHQGHG IRU
UDFN PRXQWHG HTXLSPHQW RSWLFDO LQWHUIDFHV�

�������� 5DFN FRQQHFWLRQV� (LWKHU D KHDY\ GXW\ 0,/�&������ FRQQHFWRU RU D FDEOH SHQHWUDWLRQ
VKDOO EH XVHG IRU UDFN H[WHUQDO ILEHU RSWLF FRQQHFWLRQV�

���������� ,QWHUQDO UDFN FRQQHFWLRQV� :KHQ LQWHUQDO UDFN FRQQHFWLRQV DUH UHTXLUHG� OLJKW
GXW\ 0,/�&��������� FRQQHFWRUV DUH UHFRPPHQGHG� /LJKW GXW\ 0,/�6�������� VSOLFHV VKDOO EH XVHG IRU
LQWHUQDO UDFN FRQQHFWLRQV RQO\ ZKHQ OLQN ORVV EXGJHWV DUH QRW DFFHSWDEOH XVLQJ D OLJKW GXW\ FRQQHFWRU�

������ &DEOH SODQW WHUPLQDWLRQV� /LJKW GXW\ 0,/�&��������� FRQQHFWRUV DUH UHFRPPHQGHG IRU
DOO FRQQHFWLRQV ZLWKLQ LQWHUFRQQHFWLRQ ER[HV IRU PXOWLPRGH ILEHU V\VWHPV� /LJKW GXW\ 0,/�6��������
VSOLFHV VKDOO EH XVHG ZLWKLQ LQWHUFRQQHFWLRQ ER[HV IRU PXOWLPRGH ILEHU V\VWHPV RQO\ ZKHQ ORVV EXGJHWV
DUH QRW DFFHSWDEOH XVLQJ OLJKW GXW\ FRQQHFWRUV�

������ 5HFHLYHU W\SHV DQG IHDWXUHV� 5HFHLYHUV XVLQJ 3,1 GLRGH RU 3,1)(7 GHWHFWRUV DUH
UHFRPPHQGHG IRU DOO GDWD OLQNV� 5HFHLYHUV XVLQJ $3'V DUH QRW UHFRPPHQGHG� $OO UHFHLYHUV VKDOO
FRQWDLQ OLQN GLDJQRVWLF FLUFXLWU\�

��� /LQN GHILQLWLRQ DQG GHVLJQ�

����� *HQHUDO� 7KLV VHFWLRQ GHWDLOV WKH V\VWHP DQG FRPSRQHQW LQIRUPDWLRQ WKDW LV QHHGHG LQ
RUGHU WR FRPSOHWH WKH OLQN GHVLJQ� ,Q VRPH FDVHV WKH UHTXLUHG LQIRUPDWLRQ PD\ EH REWDLQHG GLUHFWO\
IURP WKH FRPSRQHQW PDQXIDFWXUHUV� ,Q RWKHU FDVHV WKH LQIRUPDWLRQ PD\ EH FDOFXODWHG RU HVWLPDWHG IURP
PDQXIDFWXUHU LQIRUPDWLRQ RU D UHODWHG SDUDPHWHU� ,Q WKRVH LQVWDQFHV ZKHQ FDOFXODWLRQV IURP RQH
VHFWLRQ DUH UHTXLUHG DV LQSXW WR DQRWKHU VHFWLRQ� WKH DSSURSULDWH VHFWLRQ IURP ZKLFK WKH LQIRUPDWLRQ
FDQ EH REWDLQHG LV LGHQWLILHG� ,Q WKRVH LQVWDQFHV ZKHUH WKH FRPSRQHQW LQIRUPDWLRQ PD\ QRW EH
DYDLODEOH� JXLGDQFH RQ KRZ WR HVWLPDWH WKH YDOXH RI HDFK XQNQRZQ SDUDPHWHU LV SURYLGHG RU W\SLFDO
YDOXHV DUH VXJJHVWHG� 7KH XVH RI HVWLPDWHG YDOXHV IRU PRVW SDUDPHWHUV LV QRW UHFRPPHQGHG H[FHSW LQ
WKH LQLWLDO GHVLJQ SURFHVV ZKHUH WKH JHQHUDO IHDVLELOLW\ RI WKH OLQN LV EHLQJ GHWHUPLQHG�

������� 'HVLJQ SURFHVV� )LEHU RSWLF OLQN GHVLJQ LV D PXOWLVWDJH SURFHVV� )LJXUH �� LV D
IORZ GLDJUDP RI RQH DSSURDFK WR WKH OLQN GHVLJQ SURFHVV� )LJXUH �� LQGLFDWHV WKH LQIRUPDWLRQ UHTXLUHG
DQG WKH GHFLVLRQV WR EH PDGH DW HDFK VWDJH RI WKH GHVLJQ SURFHVV� 2WKHU GHVLJQ SURFHVVHV LQ ZKLFK
GLIIHUHQW LQLWLDO FRQGLWLRQV DUH JLYHQ DQG WKH GHFLVLRQ SURFHVV LV UHDUUDQJHG PD\ EH UHTXLUHG LQ VRPH
FDVHV� 5HJDUGOHVV RI WKH OLQN GHVLJQ SURFHVV XVHG� LW PD\ EH LWHUDWHG QXPHURXV WLPHV WR FRPSDUH
GLIIHUHQW OLQN GHVLJQV DQG HYDOXDWH WUDGHRIIV� 7KLV VHFWLRQ GLYLGHV WKH LQIRUPDWLRQ UHTXLUHG LQWR
JURXSV� HDFK JURXS FRUUHVSRQGLQJ WR D GLIIHUHQW DVSHFW RI WKH GHVLJQ DQG WR D GLIIHUHQW VHFWLRQ RI
WKLV GRFXPHQW� ,I VSHFLILF HYDOXDWLRQV DUH EHLQJ PDGH �VXFK DV WKH HQG�WR�HQG ORVV EXGJHW�� WKH
HTXDWLRQV QHFHVVDU\ WR SHUIRUP WKH HYDOXDWLRQ FDQ EH XVHG LQGLYLGXDOO\�

����� ,QLWLDO OLQN GHILQLWLRQ� %HIRUH EHJLQQLQJ WKH OLQN GHVLJQ SURFHVV� WKH IROORZLQJ
V\VWHP LQIRUPDWLRQ PXVW EH GHWHUPLQHG�

�D� 7KH WRWDO OLQN OHQJWK �RU WKH OHQJWKV RI DOO WKH VHFWLRQV��
�E� 7KH W\SHV DQG QXPEHU RI SDVVLYH FRPSRQHQWV LQ WKH OLQN �IRU H[DPSOH� WKH QXPEHU RI

FRQQHFWRUV� VSOLFHV� VZLWFKHV DQG VR IRUWK� LQFOXGLQJ DQ\ FRPSRQHQWV DOORZHG IRU
UHSDLU VLWXDWLRQV��

�F� 7KH JHQHUDO OD\RXW RI WKH OLQN LQFOXGLQJ WKH RUGHU RI FRPSRQHQWV DQG WKH GLVWDQFHV
EHWZHHQ FRPSRQHQWV�

�G� 7KH OLQN GDWD UDWH� GDWD IRUPDW �PDQFKHVWHU� �%��%� DQG VR IRUWK��� DQG UHTXLUHG %(5�

$IWHU WKH LQLWLDO OLQN LQIRUPDWLRQ KDV EHHQ GHWHUPLQHG� WKH IROORZLQJ FKRLFHV PXVW EH PDGH�

�D� 7KH ILEHU W\SH�
�E� 7KH RSWLFDO WUDQVPLWWHU FHQWUDO ZDYHOHQJWK�
�F� 7KH W\SH RI RSWLFDO WUDQVPLWWHU �(/('� 6/('� ODVHU��



INITIAL INPUT

Length

Physical Layout

Data Rate and Format

Required BER

Select

Fiber 

Size

Calculate

Fiber Exit

Bandwidth

or

Total Link

Bandwidth

Select

Center

Wavelength

Select

Transmitter

Type

CONSIDERATIONS

Connection Losses

Bending

Coupling Efficiency

Cost

Standards

Bandwidth

Attenuation

CONSIDERATIONS

Bandwidth

Reliability

Cost

Radiation

CONSIDERATIONS

Spectral Width

Launch Power

Bandwidth

Reliability

Cost

INPUT

Zero Dispersion Wavelength

Dispersion Slope

Source Spectral Width

Fiber Modal Bandwidth

Source/Transmitter Risetime

2 1
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Calculate

Loss

Budget

Loss

Budget

Acceptable

?

Bandwidth

Acceptable

?

Done

INPUT

Receiver Input Bandwidth

Link Bandwidth Requirement

INPUT

Source Launch Power

Fiber Attenuation

Component Losses

Power Penalties

Maintenance Allowance

INPUT

Detector/Receiver Sensitivity

Detector/Receiver Maximum

Input Power Level

12

Yes

No

No

Yes
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),*85( ��� )LEHU RSWLF OLQN GHVLJQ SURFHVV � &RQWLQXHG�

����� 'HVLJQ HYDOXDWLRQV�

������� 'LVWRUWLRQ� :KHQ WKH LQLWLDO OLQN GHILQLWLRQ LV FRPSOHWH� WKH FDQGLGDWH GHVLJQ LV
HYDOXDWHG WR GHWHUPLQH LI DQ\ GLVWRUWLRQ OLPLWDWLRQV H[LVW� 7KLV LV DFFRPSOLVKHG WKURXJK GLVWRUWLRQ
EXGJHWLQJ� ,Q RUGHU WR FDOFXODWH WKH OLQN GLVWRUWLRQ EXGJHW� WKH IROORZLQJ LQIRUPDWLRQ PXVW EH
REWDLQHG�

�D� 7KH ]HUR GLVSHUVLRQ ZDYHOHQJWK RI WKH ILEHU �(,$�7,$�������� RU (,$?7,$��������� RU
LWV QXPHULFDO DSHUWXUH �(,$��������� �VHH �����������

�E� 7KH GLVSHUVLRQ VORSH DW WKH ILEHU ]HUR GLVSHUVLRQ ZDYHOHQJWK �(,$�7,$�������� RU
(,$�7,$����������

�F� 7KH URRW PHDQ VTXDUH �506� RU ):+0 VSHFWUDO ZLGWK RI WKH RSWLFDO VRXUFH�WUDQVPLWWHU
�(,$�7,$�������� RU (,$�7,$����������

�G� 7KH PRGDO EDQGZLGWK RI WKH FDEOH RU WKH PLQLPXP VSHFLILHG PRGDO EDQGZLGWK RI WKH FDEOH
�(,$�7,$������� RU (,$�7,$�������� �PXOWLPRGH ILEHU RQO\��

�H� 7KH VRXUFH�WUDQVPLWWHU �� WR �� SHUFHQW ULVH WLPH �(,$�7,$��������

$IWHU WKH GLVWRUWLRQ EXGJHW LV FDOFXODWHG� WKH ILEHU�FDEOH H[LW EDQGZLGWK LV FRPSDUHG WR FDQGLGDWH
UHFHLYHU LQSXW EDQGZLGWK UHTXLUHPHQWV DQG DFFHSWDEOH UHFHLYHUV DUH LGHQWLILHG� ,I WKH PDQXIDFWXUHU
V
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UHFHLYHU VSHFLILFDWLRQV DUH QRW NQRZQ� WKH ILEHU�FDEOH H[LW EDQGZLGWK FDQ EH HYDOXDWHG XVLQJ JHQHUDO
ILEHU RSWLF GHVLJQ UXOHV�

������� /RVV� $IWHU WKH OLQN GHVLJQ KDV EHHQ HYDOXDWHG IRU GLVWRUWLRQ OLPLWDWLRQV� LW LV
HYDOXDWHG IRU RSWLFDO SRZHU ORVV OLPLWDWLRQV� 7KLV LV DFFRPSOLVKHG WKURXJK ORVV EXGJHWLQJ� ,Q RUGHU
WR FDOFXODWH D OLQN RSWLFDO ORVV EXGJHW� WKH IROORZLQJ LQIRUPDWLRQ PXVW EH REWDLQHG�

�D� 7KH VSHFLILHG FDEOH DWWHQXDWLRQ UDWH IRU D UHVWULFWHG ODXQFK FRQGLWLRQ �(,$�7,$�������
ZLWK (,$�7,$�������� DW WKH QRPLQDO ZDYHOHQJWK RI RSHUDWLRQ�

�E� 7\SLFDO FDEOH WUDQVLHQW ORVV GDWD IRU WKH RYHUILOOHG ODXQFK �2)/� FRQGLWLRQ �VHH
VHFWLRQ ���������� DW WKH QRPLQDO ZDYHOHQJWK RI RSHUDWLRQ�

�F� 7KH VSHFLILHG ORVV RI HDFK FRQQHFWRU� VSOLFH� DWWHQXDWRU� RU VZLWFK SDWK LQ WKH OLQN
IRU D UHVWULFWHG ODXQFK FRQGLWLRQ �(,$�7,$������� 0HWKRG %� DW WKH QRPLQDO ZDYHOHQJWK
RI RSHUDWLRQ�

�G� 7KH VSHFLILHG ORVV RI HDFK FRQQHFWRU� VSOLFH� DWWHQXDWRU� RU VZLWFK SDWK LQ WKH OLQN
IRU DQ 2)/ ODXQFK FRQGLWLRQ �(,$�7,$������� 0HWKRG $� DW WKH QRPLQDO ZDYHOHQJWK RI
RSHUDWLRQ�

�H� 7KH VSHFLILHG ORVV RI HDFK SDVVLYH EUDQFKLQJ GHYLFH SDWK LQ WKH OLQN �(,$�7,$���������
IRU ERWK WKH UHVWULFWHG DQG 2)/ ODXQFK FRQGLWLRQV DW WKH QRPLQDO ZDYHOHQJWK RI
RSHUDWLRQ�

�I� 7KH VSHFLILHG ORVV RI DQ\ RWKHU FRPSRQHQW LQ WKH OLQN IRU ERWK WKH UHVWULFWHG DQG 2)/
ODXQFK FRQGLWLRQV DW WKH QRPLQDO ZDYHOHQJWK RI RSHUDWLRQ�

�J� 7KH VSHFLILHG DYHUDJH RXWSXW SRZHU RI WKH VRXUFH�WUDQVPLWWHU�
�K� 7KH W\SLFDO FRXSOHG SRZHU UDWLR �&35� YDOXH RI WKH VRXUFH�WUDQVPLWWHU �VHH DSSHQGL[ $�

127(� 7KH FDEOHG ILEHU DWWHQXDWLRQ DQG WKH FDEOHG ILEHU WUDQVLHQW ORVV JHQHUDOO\ DUH QRW EH WKH VDPH
DV WKH SUHFDEOHG EDUH ILEHU DWWHQXDWLRQ RU WKH SUHFDEOHG ILEHU WUDQVLHQW ORVV�

127(� ,Q WKLV GRFXPHQW WKH ORVV RI D ILEHU RSWLF FRPSRQHQW GRHV QRW LQFOXGH WKH ORVVHV RI WKH
FRQQHFWRUV�VSOLFHV UHTXLUHG WR FRQQHFW WKDW FRPSRQHQW LQWR WKH OLQN� 7KH FRQQHFWRUV�VSOLFHV XVHG WR
FRQQHFW ILEHU RSWLF FRPSRQHQWV LQWR WKH OLQN VKRXOG EH LGHQWLILHG VHSDUDWHO\ IURP WKH FRPSRQHQWV WKDW
WKH\ DUH FRQQHFWLQJ�

,Q FDOFXODWLQJ WKH ORVV EXGJHW WKHUH DUH D QXPEHU RI FRUUHFWLRQ WHUPV ZKLFK PD\ EH LQFOXGHG� 7R
FDOFXODWH WKHVH DGMXVWPHQWV� WKH DERYH LQIRUPDWLRQ PXVW EH VXSSOHPHQWHG ZLWK WKH FDOFXODWHG
ILEHU�FDEOH H[LW EDQGZLGWK �VHH �����

7KH OLQN ORVV EXGJHW LV FDOFXODWHG IRU WKH PD[LPXP ORVV VLWXDWLRQ DQG IRU WKH PLQLPXP ORVV VLWXDWLRQ
�IRU DSSOLFDWLRQV ZKHUH WKH DFWLYH GHYLFHV DUH WR EH XVHG ZLWK FDEOH SODQWV RI GLIIHUHQW OHQJWKV RU
FRPSOH[LWLHV�� 2QFH WKH PLQLPXP DQG PD[LPXP OLQN ORVV EXGJHWV KDYH EHHQ FDOFXODWHG� WKH SRZHU
DYDLODEOH DW WKH UHFHLYHU FDQ EH FRPSDUHG WR WKH FDQGLGDWH UHFHLYHUV
 DYHUDJH VHQVLWLYLWLHV DQG
PD[LPXP DYHUDJH LQSXW RSWLFDO SRZHU OHYHOV DW WKH GHVLUHG %(5 DQG WKH OLQN UHFHLYHU FDQ EH VHOHFWHG�

����� /LQN YLDELOLW\� $W HDFK VWDJH RI WKH GHVLJQ SURFHVV WKHUH DUH QXPHURXV GHFLVLRQV WR EH
PDGH ZKLFK PD\ DIIHFW WKH YLDELOLW\ RI WKH OLQN GHVLJQ� ,I� DIWHU WKH GLVWRUWLRQ DQG OLQN ORVV EXGJHW
FDOFXODWLRQV DUH FRPSOHWH� QR UHFHLYHUV DUH IRXQG WKDW ZLOO PHHW WKH OLQN UHTXLUHPHQWV� WKH OLQN
GHVLJQHU VKRXOG UHFRQVLGHU HDUOLHU FRPSRQHQW GHFLVLRQV�

��� 'LVWRUWLRQ EXGJHWLQJ�

����� *HQHUDO� 7KLV VHFWLRQ GHWDLOV WKH FDOFXODWLRQV IRU GHWHUPLQLQJ WKH ILEHU�FDEOH H[LW
EDQGZLGWK DV ZHOO DV WKH WRWDO ILEHU RSWLF OLQN EDQGZLGWK� 7KLV LQIRUPDWLRQ LV FRPSDUHG WR WKH ILEHU
RSWLF UHFHLYHU LQSXW VSHFLILFDWLRQV RU WR RSWLFDO OLQN UHTXLUHPHQWV WR GHWHUPLQH LI GLVWRUWLRQ
OLPLWDWLRQV H[LVW� 7KLV LQIRUPDWLRQ FDQ DOVR EH XVHG WR FDOFXODWH OLQN ORVV EXGJHW FRUUHFWLRQ IDFWRUV
IRU GLVWRUWLRQ HIIHFWV �VHH ����� DQG ������� 2QO\ WKH ILEHU RSWLF WUDQVPLWWHU� RSWLFDO FDEOH� DQG
ILEHU RSWLF UHFHLYHU DUH LQFOXGHG LQ FDOFXODWLRQV IRU WKH WRWDO RSWLFDO OLQN EDQGZLGWK� 7KH HIIHFWV
RI DQ\ RWKHU FRPSRQHQWV RQ OLQN EDQGZLGWK DUH QHJOLJLEOH DQG� H[FHSW IRU H[WUHPH FDVHV� WHQG WR
LQFUHDVH WKH PHDVXUHG EDQGZLGWK� �7KH GLVFUHWH OLQN FRPSRQHQWV ILOWHU RXW KLJKHU RUGHU PRGHV LQ WKH
OLQN� FDXVLQJ DQ LQFUHDVH LQ WKH PHDVXUHG EDQGZLGWK� 7KHUHIRUH� LJQRULQJ WKHLU HIIHFW LV D
FRQVHUYDWLYH DSSURDFK�� 7KURXJKRXW WKLV VWDQGDUG� DOO UHIHUHQFHV WR FRPSRQHQW ULVH WLPHV UHIHU WR WKH
�� WR �� SHUFHQW ULVH WLPH RI WKH FRPSRQHQW ZKHQ VWLPXODWHG ZLWK DQ LQSXW VWHS IXQFWLRQ� 7KH
EDQGZLGWK DUH VSHFLILFDOO\ UHIHUUHG WR DV HLWKHU D �� G% RU �� G% EDQGZLGWK PHDVXUHG LQ WKH HOHFWULFDO
GRPDLQ� 5HODWLRQVKLSV EHWZHHQ FRPPRQO\ VSHFLILHG SDUDPHWHUV IRU HDFK RI WKH FRPSRQHQWV DUH LGHQWLILHG
WR KHOS FRQYHUW PDQXIDFWXUHU
V LQIRUPDWLRQ LQWR WKH SURSHU IRUP� ,Q HDFK HTXDWLRQ WKH XQLWV RI HDFK
YDULDEOH DUH VWDWHG� ,I WKH PDQXIDFWXUHU
V LQIRUPDWLRQ LV LQ XQLWV RWKHU WKDQ WKRVH VWDWHG� WKH
LQIRUPDWLRQ PXVW EH FRQYHUWHG WR WKH VWDWHG XQLWV EHIRUH WKH HTXDWLRQ LV XVHG�

����� )LEHU RSWLF WUDQVPLWWHUV� 7KH ILEHU RSWLF WUDQVPLWWHU GLVWRUWLRQ LV JHQHUDOO\
VSHFLILHG E\ WKH WUDQVPLWWHU
V �� WR �� SHUFHQW ULVH WLPH� ,I WKH WUDQVPLWWHU GLVWRUWLRQ LV VSHFLILHG
E\ WKH WUDQVPLWWHU
V �� G% EDQGZLGWK� WKLV EDQGZLGWK FDQ EH FRQYHUWHG WR D ULVH WLPH DVVXPLQJ WKDW WKH
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(1)

(2)

(3)

(4)

WUDQVPLWWHU KDV DQ H[SRQHQWLDO WLPH UHVSRQVH� 7KH ULVH WLPH DVVRFLDWHG ZLWK WKH �� G% EDQGZLGWK LV
JLYHQ E\

ZKHUH W LV WKH WUDQVPLWWHU ULVH WLPH �LQ VHFRQGV� DQG %: LV WKH WUDQVPLWWHU EDQGZLGWK �LQ +]��V V

����� 2SWLFDO FDEOH� 7KH RSWLFDO ILEHU PD\ FDXVH GLVWRUWLRQ RI WKH RSWLFDO VLJQDO LQ WZR
ZD\V� ,Q D PXOWLPRGH ILEHU HDFK GLIIHUHQW PRGH KDV D VOLJKWO\ GLIIHUHQW JURXS YHORFLW\� VR WKDW
UHODWLYH GHOD\V DUH LQWURGXFHG EHWZHHQ GLIIHUHQW PRGHV DW WKH ILEHU RXWSXW HQG� 7KLV W\SH RI
GLVWRUWLRQ� FDOOHG PXOWLPRGH RU PRGDO GLVWRUWLRQ� LV FKDUDFWHUL]HG E\ WKH PRGDO EDQGZLGWK RI WKH
LQVWDOOHG FDEOH� 0RGDO GLVWRUWLRQ DIIHFWV RQO\ PXOWLPRGH ILEHUV� 7KH RWKHU GLVWRUWLYH HIIHFW
LQWURGXFHG E\ WKH ILEHU LV FDXVHG E\ WKH UHODWLYH GHOD\V H[SHULHQFHG EHWZHHQ GLIIHUHQW ZDYHOHQJWKV RI
OLJKW DW WKH ILEHU H[LW HQG� 7KLV W\SH RI GLVWRUWLRQ DULVHV IURP VHYHUDO IDFWRUV DQG LV FDOOHG
FKURPDWLF GLVSHUVLRQ� 7KH FKURPDWLF GLVSHUVLRQ LV GHSHQGHQW XSRQ WKH DFWXDO VKDSH RI WKH ILEHU RSWLF
WUDQVPLWWHU RSWLFDO VSHFWUXP DQG WKH ILEHU
V UHVSRQVH WR WKLV VSHFWUXP� &KURPDWLF GLVSHUVLRQ DIIHFWV
ERWK VLQJOH PRGH DQG PXOWLPRGH RSWLFDO ILEHUV�

������� 0RGDO GLVWRUWLRQ �PXOWLPRGH ILEHUV RQO\�� 7KH PRGDO EDQGZLGWK UHSRUWHG E\ WKH ILEHU
RU FDEOH PDQXIDFWXUHU �(,$�7,$������� RU (,$�7,$�������� LV GHILQHG DV WKH �� G% HOHFWULFDO EDQGZLGWK
��� G% RSWLFDO EDQGZLGWK�� *HQHUDOO\� WKH LQVWDOOHG FDEOH PRGDO EDQGZLGWK LV QRW PHDVXUHG� ,W PD\ EH
HVWLPDWHG IURP WKH FDEOH PDQXIDFWXUHU
V QRUPDOL]HG PRGDO EDQGZLGWK GDWD RU QRUPDOL]HG PRGDO EDQGZLGWK
PLQLPXP VSHFLILFDWLRQV DV

ZKHUH %: LV WKH HVWLPDWHG FDEOH PRGDO EDQGZLGWK LQ KHUW]� %: LV WKH QRUPDOL]HG FDEOH PRGDOP���� PF

EDQGZLGWK ��� G%� LQ +]�NP�� / LV WKH LQVWDOOHG FDEOH OHQJWK �LQ NP�� DQG � LV D OHQJWK VFDOLQJF

IDFWRU� )RU GLIIHUHQW FDEOHV � UDQJHV EHWZHHQ ��� DQG ��� �WKH FDEOH PDQXIDFWXUHU PD\ SURYLGH� XSRQ
UHTXHVW� D UHFRPPHQGHG YDOXH RI � IRU WKHLU FDEOH�� ,I D YDOXH RI � LV QRW DYDLODEOH D YDOXH RI ���
VKRXOG EH XVHG IRU OHQJWKV JUHDWHU WKDQ � NP DQG D YDOXH RI ��� VKRXOG EH XVHG IRU OHQJWKV OHVV WKDQ �
NP�

������� &KURPDWLF GLVSHUVLRQ� &KURPDWLF GLVSHUVLRQ LV FRPPRQO\ GLYLGHG LQWR WZR W\SHV� ILUVW
RUGHU FKURPDWLF GLVSHUVLRQ DQG VHFRQG RUGHU FKURPDWLF GLVSHUVLRQ� $W ZDYHOHQJWKV IDU IURP WKH ILEHU
]HUR GLVSHUVLRQ ZDYHOHQJWK� � � ILUVW RUGHU FKURPDWLF GLVSHUVLRQ HIIHFWV GRPLQDWH WKH RYHUDOO FKURPDWLF�

GLVSHUVLRQ� $W ZDYHOHQJWKV QHDU � � VHFRQG RUGHU FKURPDWLF GLVSHUVLRQ HIIHFWV GRPLQDWH WKH RYHUDOO�

FKURPDWLF GLVSHUVLRQ� 5HJDUGOHVV RI WKH V\VWHP ZDYHOHQJWK� ERWK WKH ILUVW DQG VHFRQG RUGHU FKURPDWLF
GLVSHUVLRQ WHUPV VKRXOG EH FDOFXODWHG WR GHWHUPLQH WKHLU HIIHFW RQ WKH RYHUDOO OLQN GLVWRUWLRQ�

��������� )LUVW RUGHU FKURPDWLF GLVSHUVLRQ� ,I WKH ILEHU RSWLF WUDQVPLWWHU LV DVVXPHG WR
KDYH D *DXVVLDQ VSHFWUXP� WKH ILUVW RUGHU FKURPDWLF GLVSHUVLRQ LPSXOVH UHVSRQVH LV *DXVVLDQ �VHH ���H
IRU PRUH LQIRUPDWLRQ� DQG WKH ULVH WLPH� W �LQ VHFRQGV�� DVVRFLDWHG ZLWK ILUVW RUGHU FKURPDWLFFG�

GLVSHUVLRQ LV JLYHQ E\

ZKHUH ) LV WKH ILEHU RSWLF WUDQVPLWWHU 506 VSHFWUDO ZLGWK �LQ QP�� ' LV WKH ILEHU GLVSHUVLRQ DW WKH
�

ILEHU RSWLF WUDQVPLWWHU FHQWHU ZDYHOHQJWK �LQ V�QP�NP�� DQG / LV WKH LQVWDOOHG FDEOH OHQJWK �LQ NP��F

��������� 6HFRQG RUGHU FKURPDWLF GLVSHUVLRQ� ,I WKH ILEHU RSWLF WUDQVPLWWHU LV DVVXPHG WR
KDYH D *DXVVLDQ VSHFWUXP� WKH VHFRQG RUGHU FKURPDWLF GLVSHUVLRQ LPSXOVH UHVSRQVH LV D PRGLILHG
H[SRQHQWLDO DQG WKH ULVH WLPH W �LQ VHFRQGV� DVVRFLDWHG ZLWK VHFRQG RUGHU FKURPDWLF GLVSHUVLRQ� LVFG�

JLYHQ E\

ZKHUH ) LV WKH ILEHU RSWLF WUDQVPLWWHU 506 VSHFWUDO ZLGWK �LQ QP�� ' LV WKH ILEHU GLVSHUVLRQ DW WKH
�

ILEHU RSWLF WUDQVPLWWHU FHQWHU ZDYHOHQJWK �LQ V�QP�NP�� / LV WKH LQVWDOOHG FDEOH OHQJWK� 6 LV WKHF

GLVSHUVLRQ VORSH DW WKH ILEHU RSWLF WUDQVPLWWHU FHQWHU ZDYHOHQJWK �LQ V�QP �NP�� DQG � LV WKH ILEHU�
F

RSWLF WUDQVPLWWHU FHQWHU ZDYHOHQJWK �LQ QP�� $GGLWLRQDO LQIRUPDWLRQ FDQ EH IRXQG LQ ���G DQG H�
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(5)

(6)

(7)

(8)

(9)

(10)

������� $SSUR[LPDWLRQV� ,I VRPH RI WKH LQIRUPDWLRQ UHTXLUHG WR FDOFXODWH WKH ILUVW RUGHU DQG
VHFRQG RUGHU FKURPDWLF GLVSHUVLRQ �LQ V�QP�NP� LV QRW NQRZQ WKH IROORZLQJ DSSUR[LPDWLRQV FDQ EH PDGH�
7KH ILEHU GLVSHUVLRQ DQG WKH GLVSHUVLRQ VORSH �LQ V�QP �NP� DW WKH ILEHU RSWLF WUDQVPLWWHU FHQWHU�

ZDYHOHQJWK FDQ EH FDOFXODWHG DV IROORZV�

ZKHUH � LV WKH ]HUR GLVSHUVLRQ ZDYHOHQJWK RI WKH ILEHU �LQ QP�� 6 LV WKH GLVSHUVLRQ VORSH DW WKH ]HURR R

GLVSHUVLRQ ZDYHOHQJWK �LQ V�QP �NP�� DQG � LV WKH FHQWHU ZDYHOHQJWK RI WKH ILEHU RSWLF WUDQVPLWWHU �LQ�
F

QP��
��������� &HQWHU ZDYHOHQJWK� ,I WKH FHQWHU ZDYHOHQJWK RI DQ /(' WUDQVPLWWHU LV QRW NQRZQ� LW

PD\ EH DSSUR[LPDWHG XVLQJ WKH ):+0 FHQWHU ZDYHOHQJWK �LQ QP� DV IROORZV

ZKHUH WKH � QP VKLIW LV LQWURGXFHG WR WDNH LQWR DFFRXQW WKH QRQ *DXVVLDQ VKDSH RI WKH W\SLFDO ILEHU
RSWLF WUDQVPLWWHU RSWLFDO VSHFWUXP� )RU ODVHU VRXUFHV WKH FHQWHU ZDYHOHQJWK LV DSSUR[LPDWHO\ HTXDO WR
WKH ):+0 FHQWHU ZDYHOHQJWK� $GGLWLRQDO LQIRUPDWLRQ FDQ EH IRXQG LQ ���I�

��������� 6RXUFH 506 VSHFWUDO ZLGWK� ,I WKH VRXUFH 506 VSHFWUDO ZLGWK LV QRW NQRZQ� LW PD\
EH DSSUR[LPDWHG �DVVXPLQJ D *DXVVLDQ RSWLFDO VSHFWUXP� XVLQJ WKH ):+0 VSHFWUDO ZLGWK �LQ QP� DV
IROORZV�

��������� =HUR GLVSHUVLRQ ZDYHOHQJWK� )RU W\SLFDO RSWLFDO ILEHUV �JHUPDQLD GRSHG VLOLFD�� LI
WKH ]HUR GLVSHUVLRQ ZDYHOHQJWK �LQ QP� RI WKH ILEHU LV QRW NQRZQ� EXW WKH ILEHU QXPHULFDO DSHUWXUH LV
NQRZQ� WKH ]HUR GLVSHUVLRQ ZDYHOHQJWK PD\ EH HVWLPDWHG XVLQJ WKH IROORZLQJ UHODWLRQ

ZKHUH 1$ LV WKH ILEHU QXPHULFDO DSHUWXUH� 7KH ILEHU QXPHULFDO DSHUWXUH FDQ EH REWDLQHG IURP WKH ILEHU
PDQXIDFWXUHU RU FDQ EH DSSUR[LPDWHG E\ XVLQJ WKH VSHFLILFDWLRQ YDOXH IRU WKH ILEHU� ,I WKH GLVSHUVLRQ
VORSH DW WKH ILEHU ]HUR GLVSHUVLRQ ZDYHOHQJWK LV QRW NQRZQ D YDOXH RI ��� [ �� V�QP �NP FDQ EH XVHG��� �

IRU PXOWLPRGH ILEHUV DQG D YDOXH RI ��� [ �� V�QP �NP FDQ EH XVHG IRU VLQJOH�PRGH ILEHUV� $GGLWLRQDO��� �

LQIRUPDWLRQ FDQ EH IRXQG LQ ���J�

����� )LEHU RSWLF UHFHLYHUV� 7KH ILEHU RSWLF UHFHLYHU GLVWRUWLRQ LV JHQHUDOO\ VSHFLILHG E\
WKH UHFHLYHU �� WR �� SHUFHQW ULVH WLPH� ,I WKH GLVWRUWLRQ LV VSHFLILHG E\ WKH �� G% EDQGZLGWK� WKLV
EDQGZLGWK FDQ EH FRQYHUWHG WR D ULVH WLPH DVVXPLQJ WKDW WKH UHFHLYHU KDV D UDLVHG FRVLQH IUHTXHQF\
UHVSRQVH� 7KH ULVH WLPH DVVRFLDWHG ZLWK WKH �� G% EDQGZLGWK LV JLYHQ E\

ZKHUH W LV WKH ILEHU RSWLF UHFHLYHU ULVH WLPH �LQ VHFRQGV� DQG %: LV WKH ILEHU RSWLF UHFHLYHU �� G%U U����

EDQGZLGWK �LQ +]�� $GGLWLRQDO LQIRUPDWLRQ FDQ EH IRXQG LQ ���G�

����� 6\VWHP ULVH WLPH DQG EDQGZLGWK� 7KH ILEHU RSWLF WUDQVPLWWHU� UHFHLYHU� ILEHU PRGDO�
ILUVW RUGHU FKURPDWLF DQG VHFRQG RUGHU FKURPDWLF GLVWRUWLRQV DUH HIIHFWLYHO\ LQGHSHQGHQW� 7KHUHIRUH�
WKH 506 ZLGWKV RI WKH FRPSRQHQWV
 LPSXOVH UHVSRQVHV PD\ EH DGGHG LQ D 506 IDVKLRQ DQG FRQYHUWHG WR
EDQGZLGWK DQG ULVH WLPH� ,I WKLV LV GRQH� WKH UHVXOW JLYHV WKH WRWDO RSWLFDO OLQN RU V\VWHP ULVH
WLPH� ,W LV JLYHQ E\
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(11)

(12)

(13)

(14)

ZKHUH W LV WKH WRWDO RSWLFDO OLQN RU V\VWHP ULVH WLPH DQG WKH RWKHU YDULDEOHV DUH GHILQHG DV EHIRUH�7

7KH WRWDO RSWLFDO OLQN RU V\VWHP �� G% EDQGZLGWK LV JLYHQ E\

ZKHUH %: LV WKH WRWDO RSWLFDO OLQN RU V\VWHP �� G% EDQGZLGWK �LQ +]� DQG WKH RWKHU YDULDEOHV DUH7����

GHILQHG DV EHIRUH� )RU VLQJOH PRGH V\VWHP FDOFXODWLRQV� UHPRYH WKH PRGDO EDQGZLGWK WHUP IURP HDFK RI
WKH DERYH HTXDWLRQV� $GGLWLRQDO LQIRUPDWLRQ FDQ EH IRXQG LQ ���G�

����� )LEHU�FDEOH H[LW ULVH WLPH DQG EDQGZLGWK� ,I WKH ILEHU�FDEOH H[LW ULVH WLPH� W � RUH[

EDQGZLGWK� %: LV EHLQJ FDOFXODWHG� UHPRYH WKH WHUP IRU WKH UHFHLYHU IURP HTXDWLRQV �� DQG ���H[����

����� $SSO\LQJ WKH HTXDWLRQV� 7KH DERYH HTXDWLRQV FDQ EH XVHG LQ PDQ\ ZD\V� 'XULQJ LQLWLDO
OLQN GHVLJQ� WKHVH HTXDWLRQV FDQ EH XVHG WR FRQGXFW WUDGHRII DQDO\VHV IRU GLIIHUHQW WUDQVPLWWHU�
UHFHLYHU RU ILEHU FKRLFHV �VHH ����� ,I WKH OLQN GHVLJQ XWLOL]HV D SUHYLRXVO\ LQVWDOOHG ILEHU RSWLF
FDEOH SODQW RU SUHYLRXVO\ REWDLQHG ILEHU RSWLF WUDQVPLWWHUV DQG UHFHLYHUV� WKH DERYH HTXDWLRQV FDQ EH
XVHG WR GHWHUPLQH WKH UHTXLUHPHQWV IRU WKH XQGHWHUPLQHG FRPSRQHQWV RI WKH OLQN� HYDOXDWH WKH
VXLWDELOLW\ RI DQ\ SURSRVHG OLQN FRPSRQHQWV� RU HYDOXDWH WKH VXLWDELOLW\ RI DQ\ FRPSRQHQW FKDQJHV LQ
WKH OLQN�

������� (YDOXDWLRQ RI WKH YLDELOLW\ RI OLQN FRQVWUXFWLRQ� 0RVW ILEHU RSWLF UHFHLYHU
PDQXIDFWXUHUV GHILQH D VSHFLILF PD[LPXP LQSXW ULVH WLPH RU D PLQLPXP LQSXW EDQGZLGWK UHTXLUHG IRU
SURSHU UHFHLYHU RSHUDWLRQ� ,Q WKLV FDVH� WKH DERYH HTXDWLRQV DOORZ WKH FDOFXODWLRQ RI HLWKHU
ILEHU�FDEOH H[LW EDQGZLGWK RU ULVH WLPH WR HYDOXDWH WKH YLDELOLW\ RI WKH SDUWLFXODU OLQN GHVLJQ� ,I
WKH FDOFXODWHG ILEHU�FDEOH H[LW EDQGZLGWK RU ULVH WLPH LV QRW DGHTXDWH IRU WKH V\VWHP UHFHLYHU� WKH
ILEHU RSWLF WUDQVPLWWHU FHQWUDO ZDYHOHQJWK� VSHFWUDO ZLGWK� RU WKH OLQN OHQJWK �LI SRVVLEOH� VKRXOG EH
FKDQJHG WR DOORZ SURSHU RSHUDWLRQ� 3URSHU RSHUDWLRQ LQ VRPH FDVHV LV DFFRPSDQLHG E\ D UHTXLUHPHQW IRU
D VOLJKWO\ KLJKHU LQSXW SRZHU OHYHO WR WKH ILEHU RSWLF UHFHLYHU� 7KLV HIIHFWLYH FKDQJH LQ WKH ILEHU
RSWLF UHFHLYHU VHQVLWLYLW\ DV D IXQFWLRQ RI WKH ILEHU�FDEOH H[LW ULVH WLPH RU EDQGZLGWK LV UHIHUUHG WR
DV WKH GLVSHUVLRQ SRZHU SHQDOW\ DQG LV GHVFULEHG LQ ������

������� *HQHUDO JXLGHOLQHV IRU GLVWRUWLRQ� ,Q WKRVH FDVHV ZKHUH HLWKHU WKH GHWDLOHG ILEHU
RSWLF UHFHLYHU LQIRUPDWLRQ LV QRW NQRZQ RU WKH JHQHUDO XVH RI D ILEHU RSWLF OLQN LV EHLQJ HYDOXDWHG�
JHQHUDO GLVWRUWLRQ GHVLJQ JXLGHOLQHV EDVHG RQ FODVVLFDO FRPPXQLFDWLRQV WKHRU\ FDQ EH XVHG WR LGHQWLI\
EDQGZLGWK OLPLWDWLRQV� 8VLQJ WKH 1\TXLVW FULWHULD� WKH PLQLPXP FKDQQHO �� G% EDQGZLGWK PXVW EH DW
OHDVW RQH�KDOI WKH OLQN EDXG� 7KLV ORZHU OLPLW IRU WKH OLQN �� G% EDQGZLGWK GRHV QRW WDNH LQWR
DFFRXQW PDQ\ HUURUV ZKLFK PD\ EH LQWURGXFHG LQ WKH OLQN GXH WR WLPLQJ DQG SKDVH GLVWRUWLRQV� $ PRUH
FRQVHUYDWLYH DSSURDFK LV WR UHTXLUH WKH WRWDO RSWLFDO OLQN �� G% EDQGZLGWK WR EH JUHDWHU WKDQ ��� RI
WKH OLQN EDXG� 7KDW LV

ZKHUH %: LV WKH WRWDO RSWLFDO OLQN �� G% EDQGZLGWK �LQ +]� DQG WKH OLQN EDXG LV HTXDO WR WKH ELW7����

UDWH PXOWLSOLHG E\ WKH OLQN
V ELW UDWH WR EDXG FRQYHUVLRQ IDFWRU ���� 7KH FRQYHUVLRQ IDFWRUV IRU VRPH
W\SLFDO GLJLWDO FRGLQJ IRUPDWV DUH JLYHQ LQ WDEOH 9,� ,I WKH DERYH WRWDO RSWLFDO OLQN �� G% EDQGZLGWK
LV HTXDOO\ DOORFDWHG EHWZHHQ WKH ILEHU RSWLF UHFHLYHU DQG WKH UHVW RI WKH OLQN FRPSRQHQWV� WKH PLQLPXP
�� G% EDQGZLGWK �LQ +]� IRU WKH ILEHU RSWLF UHFHLYHU DQG WKH PLQLPXP ILEHU�FDEOH H[LW HOHFWULFDO
EDQGZLGWK DUH JLYHQ E\
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),*85( ��� )LEHU RSWLF V\VWHP VFKHPDWLF�

7DEOH 9,� %LW UDWH WR EDXG FRQYHUVLRQ IDFWRUV�

'LJLWDO &RGLQJ )RUPDW �

15= �OHYHO� PDUN RU VSDFH� �
5= �

0DQFKHVWHU �
5=�330 �SXOVH SRVLWLRQ� �
5=�3'0 �SXOVH GXUDWLRQ� �

%LSKDVH �OHYHO� PDUN RU VSDFH� �
0LOOHU �

15= %LSRODU �
5= %LSRODU �

%LSRODU $0, �DOW PDUN LQY� �
P%�Q% Q�P

��� /RVV EXGJHW�

������ *HQHUDO� 7KLV VHFWLRQ GHWDLOV PHWKRGV IRU WKH FDOFXODWLRQ RI D ORVV EXGJHW IRU D
ILEHU RSWLF OLQN� 7KHVH PHWKRGV DOORZ D V\VWHP GHVLJQHU WR HYDOXDWH WKH WUDGHRIIV EHWZHHQ WKH V\VWHP
OHQJWK� QXPEHU RI FRQQHFWRUV� FDEOH ORVV� DQG GLIIHUHQW WUDQVPLWWHU DQG UHFHLYHU FRPELQDWLRQV� 7KH
SXUSRVH RI D ORVV EXGJHW LV WR HQVXUH WKDW VXIILFLHQW RSWLFDO SRZHU LV GHOLYHUHG WR WKH UHFHLYHU RYHU
WKH DQWLFLSDWHG OLIH RI WKH V\VWHP�

������� %DVLF OLQNV� 7KH PRVW EDVLF ILEHU RSWLF OLQN LV D SRLQW�WR�SRLQW OLQN FRQVLVWLQJ RI
D WUDQVPLWWHU� D UHFHLYHU� DQG DQ LQWHUFRQQHFWLQJ RSWLFDO ILEHU� $OO ILEHU RSWLF V\VWHPV FDQ EH
EURNHQ GRZQ LQWR VHWV RI SRLQW�WR�SRLQW ILEHU RSWLF OLQNV� )LJXUH �� LV D VFKHPDWLF GLDJUDP RI D
SRLQW�WR�SRLQW ILEHU RSWLF OLQN� �7KH GLDJUDP LV JHQHULF LQ QDWXUH DQG LV QRW LQWHQGHG WR EH D GHVLJQ
UHFRPPHQGDWLRQ RU UHSUHVHQWDWLYH RI DQ\ SDUWLFXODU LQVWDOOHG OLQN� ,W LV LQWHQGHG WR DLG LQ
GHVFULELQJ WKH ORVV EXGJHWLQJ SURFHVV E\ VKRZLQJ FRPPRQ ILEHU RSWLF FRPSRQHQWV DQG WKHLU SRVVLEOH
FRQILJXUDWLRQ LQ D OLQN�� $OWKRXJK LQGLYLGXDO SRLQW�WR�SRLQW OLQNV DUH FRQVLGHUHG IRU DQDO\VLV� WKH
RYHUDOO ILEHU RSWLF WRSRORJ\ PD\ FRQWDLQ EUDQFKLQJ GHYLFHV VXFK DV VSOLWWHUV DQG VZLWFKHV� ,I WKLV LV
WKH FDVH� WKHQ HYHU\ SRVVLEOH WUDQVPLWWHU�WR�UHFHLYHU ILEHU SDWK PXVW EH PRGHOHG DV D SRLQW�WR�SRLQW
OLQN LQ WKH ORVV EXGJHW SURFHVV� $Q RSWLFDO WUDQVPLWWHU� UHFHLYHU� PXOWLILEHU FDEOHV� MXPSHU FDEOHV�
FRQQHFWRUV� VSOLFHV� DQG DQ �RWKHU SDVVLYH GHYLFH� FRPSULVH WKH V\VWHP LQ ILJXUH ��� ,W LV DVVXPHG
WKDW WKH WUDQVPLWWHU RSWLFDO RXWSXW LV ORFDWHG DW D FRQQHFWRU� /LNHZLVH� WKH UHFHLYHU RSWLFDO LQSXW
LV DVVXPHG WR EH ORFDWHG DW D FRQQHFWRU� 7KH OLQN PD\ LQFOXGH MXPSHU FDEOHV IRU LQWHUFRQQHFWLRQ
SXUSRVHV� VXFK DV LQWHUFRQQHFWLQJ D WUDQVPLWWHU WR D FDEOH DW D SDWFK SDQHO� 7KHUH PD\ EH RQH RU PRUH
PXOWLILEHU FDEOHV LQFOXGLQJ ORFDO FDEOHV DQG WUXQN FDEOHV� 7KH �RWKHU SDVVLYH GHYLFH� FDQ UHSUHVHQW
DQ RSWLFDO VZLWFK� FRXSOHU�VSOLWWHU� ZDYHOHQJWK GLYLVLRQ PXOWLSOH[HU �:'0�� DQG VR IRUWK� 7KH WRWDO
OHQJWK RI HDFK PXOWLILEHU FDEOH� WKH WRWDO OHQJWK RI WKH MXPSHU FDEOHV� WKH WRWDO QXPEHU RI VSOLFHV�
WKH WRWDO QXPEHU RI FRQQHFWRUV� DQG WKH WRWDO QXPEHU RI �RWKHU SDVVLYH GHYLFHV� PXVW EH NQRZQ LQ RUGHU
WR GHWHUPLQH WKH ORVV EXGJHW�
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����� &RPSRQHQW ORVV SDUDPHWHUV� 7KH PDQXIDFWXUHUV VKRXOG SURYLGH DWWHQXDWLRQ YDOXHV �G%�NP�
IRU DQ\ MXPSHU FDEOHV DQG PXOWLILEHU FDEOHV� ORVV YDOXHV �G%� IRU WKH GLVFUHWH FRPSRQHQWV� WKH
WUDQVPLWWHU RXWSXW SRZHU �G%P�� DQG WKH UHFHLYHU VHQVLWLYLW\ �G%P�� 7KH SURYLGHG YDOXHV VKRXOG EH
UHSUHVHQWDWLYH RI FXUUHQW SURGXFWLRQ DQG VKRXOG EH PHDVXUHG LQ DFFRUGDQFH ZLWK WKH PLOLWDU\
VSHFLILFDWLRQ IRU WKH FRPSRQHQW� 7KH YDOXHV PD\ EH HLWKHU ZRUVW FDVH YDOXHV RU WKH PHDQ DQG VWDQGDUG
GHYLDWLRQ RI D ODUJH SRSXODWLRQ RI FRPSRQHQWV�

������� 6LQJOH�PRGH FRPSRQHQWV� )RU VLQJOH PRGH V\VWHPV� WKH YDOXHV RI FDEOH DWWHQXDWLRQ
�(,$�7,$��������� LQWHUFRQQHFWLRQ GHYLFH ORVV �(,$�7,$��������� DQG SDVVLYH GHYLFH ORVV �(,$�7,$�����
���� VKRXOG EH SURYLGHG� 9DOXHV IRU WKH FRPPRQ 1DY\ ILEHU RSWLF FRPSRQHQWV DUH JLYHQ LQ WDEOH 9,,�

7DEOH 9,,� 1DY\ VLQJOH�PRGH FRPSRQHQW ORVV YDOXHV�

&RPSRQHQW
/RVV YDOXH

0D[LPXP 0HDQ 6WDQGDUG
'HYLDWLRQ

&DEOH �G%�NP� ��� ��� ���

/LJKW GXW\ ��� ���� ���
FRQQHFWRU �G%�

+HDY\ GXW\ ��� ���� ���
FRQQHFWRU �G%�

6SOLFH ��� ���� ���
�XQWXQHG� �G%�

6SOLFH �WXQHG� ��� ��� ����
�G%�

������� 0XOWLPRGH FRPSRQHQWV� )RU PXOWLPRGH V\VWHPV FDEOH DWWHQXDWLRQ YDOXHV �(,$�7,$�������
ZLWK (,$�7,$�������� DQG W\SLFDO FDEOH WUDQVLHQW ORVV GDWD �VHH VHFWLRQ ����� DQG �������� VKRXOG EH
SURYLGHG� ,Q DGGLWLRQ� YDOXHV IRU ERWK UHVWULFWHG ODXQFK FRQGLWLRQV �(,$�7,$������� 0HWKRG % IRU
LQWHUFRQQHFWLRQ GHYLFHV� RU (,$�7,$�������� IRU SDVVLYH EUDQFKLQJ GHYLFHV� DQG RYHUILOO ODXQFK
FRQGLWLRQV �(,$�7,$������� 0HWKRG $ IRU LQWHUFRQQHFWLRQ GHYLFHV� RU (,$�7,$�������� IRU SDVVLYH
EUDQFKLQJ GHYLFHV� VKRXOG EH SURYLGHG IRU WKH SDVVLYH FRPSRQHQWV� 6RPH YDOXHV IRU WKH FRPPRQ QDY\
ILEHU RSWLF FRPSRQHQWV DUH JLYHQ LQ WDEOH 9,,,�

7DEOH 9,,,� 1DY\ PXOWLPRGH FRPSRQHQW ORVV YDOXHV�

&RPSRQHQW

/RVV YDOXH

0D[LPXP
6WDWLVWLFDO �VHH 1RWH ��

2YHUILOO 5HVWULFWHG 6WDQGDUG
PHDQ PHDQ 'HYLDWLRQ

&DEOH �G%�NP� ��� 1RWH � ��� ���

/LJKW GXW\ ��� ���� ���� ���
FRQQHFWRU �G%�

+HDY\ GXW\ ��� ���� ���� ����
FRQQHFWRU �G%�

6SOLFH ��� ��� ��� ���
�XQWXQHG� �G%�

6SOLFH �WXQHG� ��� ���� ���� ����
�G%�

6ZLWFK �G%� ��� ��� ��� ���
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Figure 18. Typical Optical Cable Transient Loss

(15)

127( �� 7KH VWDWLVWLFDO QXPEHUV UHSRUWHG DUH SUHOLPLQDU\ HVWLPDWHV� )LQDO VWDWLVWLFV
ZLOO EH LQFRUSRUDWHG LQWR IXWXUH UHYLVLRQV RI WKLV VWDQGDUG DV WKH\ DUH
DYDLODEOH�

127( �� &DEOH DWWHQXDWLRQ YDOXHV DUH DOZD\V UHSRUWHG IRU D UHVWULFWHG ODXQFK
FRQGLWLRQ�

������� 0XOWLPRGH FRPSRQHQW ORVV GHSHQGHQFLHV� 7KH ORVV RI D FRPSRQHQW LQ D PXOWLPRGH OLQN
LV GHSHQGHQW XSRQ WKH 0RGH 3RZHU 'LVWULEXWLRQ �03'� �(,$������ RI WKH VRXUFH� WKH FRPSRQHQW
V ORFDWLRQ
LQ WKH OLQN� WKH W\SHV RI FRPSRQHQWV ZKLFK SUHFHGH LW LQ WKH OLQN� DQG WKH FRPSRQHQW
V RZQ 03'
VHQVLWLYLW\� 7KH ORVV YDOXHV SURYLGHG E\ FRPSRQHQW PDQXIDFWXUHUV GR QRW DFFRXQW IRU WKHVH
GHSHQGHQFLHV� )XUWKHUPRUH� WKHVH GHSHQGHQFLHV DUH FRPSOH[ DQG QRW HDVLO\ SUHGLFWDEOH� 7KH SURFHGXUHV
RXWOLQHG LQ WKLV GRFXPHQW WDNH WKHVH GHSHQGHQFLHV LQWR DFFRXQW DQG SURYLGH D PHDQV RI SUHGLFWLQJ
PXOWLPRGH OLQN ORVV SHUIRUPDQFH�

������� 7UDQVLHQW ORVV� ,I WKH OLQN VRXUFH VXEVWDQWLDOO\ RYHUILOOV WKH ILEHU� WKH ILEHU PD\
H[KLELW D WUDQVLHQW ORVV� $ FRQYHQLHQW ZD\ WR KDQGOH WKLV HIIHFW LV WR LQFOXGH D VLQJOH WHUP LQ WKH
GHVLJQ HTXDWLRQV WR DFFRXQW IRU WKLV DGGLWLRQDO ORVV� 7KH WHUP LV FDOOHG WKH WUDQVLHQW ORVV DQG LV
UHSUHVHQWHG E\ WKH OHWWHU 7� 8SRQ UHTXHVW� WKH FDEOH PDQXIDFWXUHU PD\ SURYLGH W\SLFDO RU ZRUVW FDVH
WUDQVLHQW ORVV YDOXHV IRU VSHFLILF FDEOH FRQVWUXFWLRQV� ,I QR WUDQVLHQW ORVV LQIRUPDWLRQ LV
DYDLODEOH� WKH WUDQVLHQW ORVV IRU WKH OLQN FDQ EH HVWLPDWHG XVLQJ )LJXUH ��� 7KH XSSHU FXUYH LQ
)LJXUH �� UHSUHVHQWV W\SLFDO ZRUVW FDVH WUDQVLHQW ORVV YDOXHV� 7KH ORZHU FXUYH LQ )LJXUH ��
UHSUHVHQWV W\SLFDO PLQLPXP WUDQVLHQW ORVV YDOXHV�

����� :RUVW FDVH GHVLJQ� )RU WKH PRVW FRQVHUYDWLYH OLQN ORVV GHVLJQ� D ZRUVW FDVH GHVLJQ
VKRXOG EH SHUIRUPHG XVLQJ RYHUILOO ORVV YDOXHV IRU DOO RI WKH SDVVLYH FRPSRQHQWV DQG WKH ZRUVW FDVH
WUDQVLHQW ORVV RI WKH FDEOH� )RU VLPSOH OLQNV WKH XVH RI WKH � G% VDIHW\ PDUJLQ �VHH ������ \LHOGV
WKH PRVW FRQVHUYDWLYH GHVLJQ� )RU FRPSOH[ OLQNV WKH XVH RI WKH � G% VDIHW\ PDUJLQ ZLWK WKH FDOFXODWHG
HQYLURQPHQWDO PDUJLQ \LHOGV WKH PRVW FRQVHUYDWLYH GHVLJQ� 7KH ZRUVW FDVH PHWKRG LV EDVHG RQ WKH VPDOO
SUREDELOLW\ WKDW WKH ZRUVW FDVH FRPSRQHQW ORVV YDOXHV IRU DOO OLQN FRPSRQHQWV KDV RFFXUUHG
VLPXOWDQHRXVO\ LQ D VLQJOH OLQN� ,Q PRVW FDVHV WKH ZRUVW FDVH DSSURDFK ZLOO JUHDWO\ RYHUHVWLPDWH WKH
WRWDO OLQN ORVV�

����� /DXQFK FRQGLWLRQ FRUUHFWHG GHVLJQ� 7KH WRWDO ORVV RI D PXOWLPRGH ILEHU RSWLF OLQN LV
EHVW HVWLPDWHG E\ XVLQJ ORVV YDOXHV WKDW DUH EHWZHHQ D UHVWULFWHG ODXQFK FRQGLWLRQ ORVV YDOXH DQG WKH
2)/ ORVV YDOXH �$GGLWLRQDO LQIRUPDWLRQ FDQ EH IRXQG LQ ���K��� 7KH H[DFW YDOXH RI WKLV ORVV QXPEHU LV
GHSHQGHQW XSRQ WKH PRGH YROXPH H[FLWHG E\ WKH VRXUFH� WKH FRPSOH[LW\ RI WKH OLQN DQG WKH HIIHFW RI
HDFK FRPSRQHQW RQ WKH PRGH YROXPH� 7KLV ORVV YDOXH LV H[SUHVVHG DV

ZKHUH / LV WKH FRPSRQHQW RYHUILOO ORVV YDOXH �LQ G%�� / LV WKH FRPSRQHQW UHVWULFWHG ODXQFK[�2)/� [�5(6�

FRQGLWLRQ ORVV YDOXH DQG . LV D FRQVWDQW ZKLFK FDQ KDYH D YDOXH EHWZHHQ � DQG �� $ . YDOXH RI �
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(16)

LQGLFDWHV WKDW WKH OLJKW VRXUFH WHQGV WR ILOO PRVW RI WKH ILEHU PRGHV DQG LV W\SLFDO RI VXUIDFH
HPLWWLQJ /('V� $ . YDOXH RI ��� LQGLFDWHV WKDW WKH VRXUFH GRHV QRW ILOO VRPH RI WKH ILEHU KLJKHU
RUGHU PRGHV DQG LV W\SLFDO RI VRPH HGJH HPLWWLQJ /('V� $ . YDOXH RI ��� LQGLFDWHV WKDW WKH VRXUFH
RQO\ ILOOV WKH ORZHU RUGHU PRGHV RI WKH ILEHU DQG LV W\SLFDO RI ODVHUV� 7KH YDOXH RI . WKDW VKRXOG EH
XVHG FDQ EH GHWHUPLQHG IURP WDEOH ,; LI WKH VRXUFH &35 YDOXH LV NQRZQ� 7KH VRXUFH &35 YDOXH LV
GHILQHG DV WKH GLIIHUHQFH �LQ G%� EHWZHHQ WKH WRWDO VRXUFH SRZHU ODXQFKHG LQWR WKH PXOWLPRGH ILEHU DQG
WKH SRZHU ODXQFKHG LQWR WKH ORZ RUGHU PRGHV RI WKH PXOWLPRGH ILEHU �VHH $SSHQGL[ $�� ,I WKH VRXUFH
&35 YDOXH LV QRW NQRZQ� D . YDOXH RI � VKRXOG EH XVHG�

7DEOH ,;� 5HFRPPHQGHG YDOXHV RI .�

6RXUFH 6RXUFH &35 . ,QFOXGH
:DYHOHQJWK �QP� 9DOXH �G%� 7UDQVLHQW"

���

� WR ��� ��� QR

��� WR ���� ��� QR

���� WR ���� ��� QR

���� WR ���� ��� \HV

���� WR ���� ��� \HV

����

� WR ��� ��� QR

��� WR ���� ��� QR

���� WR ���� ��� QR

���� WR ���� ��� \HV

���� WR ���� ��� \HV

����� 6WDWLVWLFDO GHVLJQ� 7KH VWDWLVWLFDO ORVV EXGJHW PHWKRG FRQVLGHUV WKH SUREDELOLWLHV RI
WKH ZRUVW FDVH ORVV YDOXHV IRU DOO OLQN FRPSRQHQWV RFFXUULQJ VLPXOWDQHRXVO\ LQ D VLQJOH
WUDQVPLWWHU�WR�UHFHLYHU OLQN� (DFK OLQN FRPSRQHQW LV PRGHOHG DV D QRUPDOO\ GLVWULEXWHG UDQGRP
YDULDEOH� 7KH VWDWLVWLFDO ORVV EXGJHW PHWKRG VKRXOG RQO\ EH XVHG IRU FRPSOH[ OLQNV� 7KH WRWDO
SDVVLYH FRPSRQHQW ORVV LV HTXDO WR WKH VXPPHG PHDQ FRPSRQHQW ORVVHV SOXV D PXOWLSOH �;� RI WKH 506 VXP
RI WKH FRPSRQHQWV
 VWDQGDUG GHYLDWLRQV� 7KH YDOXH RI ; XVHG FDQ EH FRUUHODWHG WR WKH GHJUHH RI
FRQILGHQFH WKDW DQ\ WUDQVPLWWHU�WR�UHFHLYHU VHFWLRQ ZLOO RSHUDWH SURSHUO\� 7DEOH ; LQGLFDWHV WKH
OHYHO RI FRQILGHQFH LQ D VWDWLVWLFDO GHVLJQ XVLQJ VSHFLILF PXOWLSOHV RI WKH VWDQGDUG GHYLDWLRQ� )RU
DOO 1DY\ DSSOLFDWLRQV D PLQLPXP YDOXH RI � VKDOO EH XVHG IRU ; �D � VLJPD VWDWLVWLFDO GHVLJQ�� ,I WKH
VWDWLVWLFDO EXGJHWLQJ PHWKRG LV XVHG� D FDOFXODWHG HQYLURQPHQWDO SRZHU PDUJLQ VKDOO EH XVHG�

7$%/( ;� &RQILGHQFH OHYHOV IRU VWDWLVWLFDO GHVLJQV�

9DOXH RI ; &RQILGHQFH /HYHO

� �����

� �����

� �����

����� /RVV EXGJHW HTXDWLRQ� )RU ZRUVW FDVH GHVLJQ� WKH ZRUVW FDVH ORVV YDOXH LV XVHG IRU WKH
FRPSRQHQW ORVV DQG D ]HUR LV XVHG IRU WKH FRPSRQHQW ORVV VWDQGDUG GHYLDWLRQ LQ WKH GHVLJQ HTXDWLRQ IRU
HDFK OLQN FRPSRQHQW� )RU VWDWLVWLFDO GHVLJQ� WKH PHDQ ��� DQG VWDQGDUG GHYLDWLRQ �)� RI WKH ORVV
YDOXHV DUH XVHG LQ WKH GHVLJQ HTXDWLRQ IRU HDFK OLQN FRPSRQHQW� ,I VWDWLVWLFDO YDOXHV IRU D FRPSRQHQW
DUH QRW DYDLODEOH� WKHQ WKH ZRUVW FDVH ORVV YDOXHV PD\ EH XVHG IRU WKDW FRPSRQHQW� 7KH ORVV EXGJHW
HTXDWLRQ LV�
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ZKHUH�
3 � )  7KH PHDQ DQG VWDQGDUG GHYLDWLRQ RI WKH WUDQVPLWWHU RXWSXW SRZHU �G%P�� $JLQJ7 7

DQG WHPSHUDWXUH HIIHFWV PD\ EH DFFRXQWHG IRU LQ WKH PHDQ DQG VWDQGDUG GHYLDWLRQ�

3 � )  7KH PHDQ DQG VWDQGDUG GHYLDWLRQ RI WKH UHFHLYHU VHQVLWLYLW\ �G%P� UHTXLUHG WR5 5

DFKLHYH WKH GHVLUHG ELW HUURU UDWH RU VLJQDO WR QRLVH UDWLR� $JLQJ DQG WHPSHUDWXUH
HIIHFWV PD\ EH DFFRXQWHG IRU LQ WKH PHDQ DQG VWDQGDUG GHYLDWLRQ� �,Q VRPH FDVHV WKH
UHFHLYHU VHQVLWLYLW\ PD\ EH GHILQHG LQ WHUPV RI D ZRUVW FDVH GLVWRUWHG LQSXW VLJQDO�
,I WKLV LV WKH FDVH WKH GLVSHUVLRQ SRZHU SHQDOW\ �VHH ������ VKRXOG QRW EH LQFOXGHG LQ
WKH ORVV EXGJHW HTXDWLRQ��

0  6DIHW\ PDUJLQ �G%� IRU XQH[SHFWHG ORVVHV� )RU 1DY\ QRQ WDFWLFDO DSSOLFDWLRQV D
YDOXH RI � G% VKDOO EH XVHG� )RU 1DY\ WDFWLFDO DSSOLFDWLRQV D YDOXH RI � G% VKDOO EH
XVHG LI DQ HQYLURQPHQWDO PDUJLQ LV VHSDUDWHO\ FDOFXODWHG �VHH ����� ,I DQ
HQYLURQPHQWDO PDUJLQ LV QRW VHSDUDWHO\ FDOFXODWHG� D YDOXH RI � G% VKDOO EH XVHG IRU
1DY\ WDFWLFDO DSSOLFDWLRQV�

� � )  7KH PHDQ DQG VWDQGDUG GHYLDWLRQ RI WKH HQYLURQPHQWDO PDUJLQ �G%� IRU DGYHUVH( (

RSHUDWLQJ FRQGLWLRQV �VHH �����

$  7KH VXP RI DOO RI WKH DGMXVWPHQWV �G%� WR WKH OLQN ORVV EXGJHW LQFOXGLQJ SRZHU
SHQDOWLHV DVVRFLDWHG ZLWK VSHFLILF V\VWHP GHVLJQV DQG WKH DOORZDQFH IRU IXWXUH
XSJUDGLQJ �KLJKHU ELW UDWHV RU ZDYHOHQJWK GLYLVLRQ PXOWLSOH[LQJ� LQFOXGLQJ DGGLWLRQDO
FRPSRQHQW ORVVHV DV ZHOO DV DQ\ DGGLWLRQDO SRZHU SHQDOWLHV �VHH ������ ������ ������
������ ����� DQG �������

7  7UDQVLHQW ORVV �G%�� 7KLV WHUP DFFRXQWV IRU WKH KLJKHU ILEHU ORVV DVVRFLDWHG ZLWK
WKH ODXQFKLQJ RI SRZHU LQWR KLJKHU RUGHU PRGHV E\ VRPH OLQN VRXUFHV�

O  7KH WRWDO MXPSHU FDEOH OHQJWK �NP��-&

� � ) �  7KH PHDQ DQG VWDQGDUG GHYLDWLRQ RI WKH MXPSHU FDEOH DWWHQXDWLRQ �G%�NP��-& -&

O  7KH WRWDO PXOWLILEHU FDEOH OHQJWK �NP�� 7KLV YDOXH PD\ LQFOXGH DQ DOORZDQFH IRU7

FDEOH UHSDLU RU UHDUUDQJHPHQW�

� � )  7KH PHDQ DQG VWDQGDUG GHYLDWLRQ RI WKH PXOWLILEHU FDEOH DWWHQXDWLRQ �G%�NP� DW& &

WKH WUDQVPLWWHU
V QRPLQDO FHQWHU ZDYHOHQJWK� ) VKRXOG LQFOXGH DQ DOORZDQFH IRU WKH
VXSSOLHU
V ORVV PHDVXUHPHQW XQFHUWDLQW\�

�  7KH PD[LPXP GLIIHUHQFH LQ WKH PHDQ FDEOH DWWHQXDWLRQ �LQ G%�NP� IURP WKH
�

PDQXIDFWXUHU
V PHDVXUHG YDOXH RYHU WKH WUDQVPLWWHU
V FHQWHU ZDYHOHQJWK UDQJH� �7KH
FDEOH DWWHQXDWLRQ ZLOO WHQG WR EH KLJKHU DW RQH HQG RI WKH WUDQVPLWWHU FHQWUDO
ZDYHOHQJWK VSHFLILFDWLRQ UDQJH WKDQ DW WKH PLGGOH RI WKH UDQJH��

1  7KH WRWDO QXPEHU RI FRQQHFWRUV�&2

� � )  7KH PHDQ DQG VWDQGDUG GHYLDWLRQ RI WKH FRQQHFWRU ORVV �G%�� )RU FRQQHFWRUV&2 &2

ZKLFK ZLOO EH PDWHG DQG GHPDWHG UHSHDWHGO\ WKHVH YDOXHV VKRXOG LQFOXGH WKH GHJUDGDWLRQ
LQ ORVV H[SHFWHG RYHU WKH OLIHWLPH RI WKH FRQQHFWRU�

1  7KH WRWDO QXPEHU RI VSOLFHV�6

� � )  7KH PHDQ DQG VWDQGDUG GHYLDWLRQ RI WKH VSOLFH ORVV �G%��6 6

1  7KH WRWDO QXPEHU RI �RWKHU SDVVLYH GHYLFHV� RI RQH W\SH�2

� � )  7KH PHDQ DQG VWDQGDUG GHYLDWLRQ RI WKH �RWKHU SDVVLYH GHYLFH� ORVV �G%�� )RU2 2

VZLWFKHV ZKLFK ZLOO H[SHULHQFH UHSHDWHG VWDWH FKDQJHV WKHVH YDOXHV VKRXOG LQFOXGH WKH
GHJUDGDWLRQ LQ ORVV H[SHFWHG RYHU WKH OLIHWLPH RI WKH VZLWFK�

,Q FDOFXODWLQJ WKH PLQLPXP OLQN ORVV WR HYDOXDWH SRVVLEOH UHFHLYHU VDWXUDWLRQ� WKH VDPH HTXDWLRQ DV
VKRZQ LQ HTXDWLRQ ���� LV XVHG� +RZHYHU� WKH UHFHLYHU VHQVLWLYLW\� WKH VDIHW\ PDUJLQ� WUDQVLHQW ORVV�
DGMXVWPHQWV� WKH HQYLURQPHQWDO PDUJLQ DQG WKH VWDQGDUG GHYLDWLRQV RI WKHVH WHUPV VKRXOG QRW EH
LQFOXGHG� $GGLWLRQDOO\� WKH PXOWLSOH RI WKH UHPDLQLQJ VWDQGDUG GHYLDWLRQV LV DGGHG VR WKDW WKH
HTXDWLRQ EHFRPHV
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ZKHUH DOO RI WKH YDULDEOHV DUH GHILQHG DV LQ HTXDWLRQ �����

����� 6WDWLVWLFDO DVVXPSWLRQV� ,I WKH VWDWLVWLFDO GHVLJQ PHWKRG LV XVHG� WKH IROORZLQJ
DVVXPSWLRQV DUH LQKHUHQW LQ HTXDWLRQ ���

D� $OO VSOLFH ORVVHV DUH XQFRUUHODWHG ZLWK ILEHU ORVVHV�
E� 7KH DYHUDJHV DQG VWDQGDUG GHYLDWLRQV DUH UHSUHVHQWDWLYH RI WKH SURGXFWV RYHU WLPH DQG

VDPSOH VL]HV DUH VXIILFLHQW WR ZDUUDQW WKH XVH RI *DXVVLDQ VWDWLVWLFDO WKHRU\�
F� 7KH SURGXFW GLVWULEXWLRQV DUH UHDVRQDEO\ *DXVVLDQ LQ VKDSH� 7KDW LV� WKH\ DUH QRW

VHYHUHO\ WUXQFDWHG� VNHZHG� DQG GR QRW KDYH ODUJH NXUWRVLV �WKLFNHU WKDQ *DXVVLDQ DW
WKH H[WUHPHV�� )RU OLQNV ZLWK PRUH WKDQ D IHZ HOHPHQWV� WKH OLQN ORVV SUREDELOLW\
GLVWULEXWLRQ ZLOO DSSURDFK *DXVVLDQ UHJDUGOHVV RI WKH VKDSH RI WKH SURGXFW ORVV
SUREDELOLW\ GLVWULEXWLRQV�

��� (QYLURQPHQWDO�WKHUPDO FRQVLGHUDWLRQV� ,Q JHQHUDO� WKH OLQN ORVV EXGJHW LV DIIHFWHG E\
WKH HQYLURQPHQWV WKDW HDFK RI WKH FRPSRQHQWV LV VXEMHFW WR� 7KHVH HQYLURQPHQWV PD\ LQFOXGH H[WUHPH
FRQGLWLRQV RI WHPSHUDWXUH� EHQGLQJ� VKRFN� YLEUDWLRQ� RU UDGLDWLRQ� 2WKHU HQYLURQPHQWV PD\ EH SUHVHQW
LQ VSHFLILF DSSOLFDWLRQV�

����� 6WDQGDUG HQYLURQPHQWV� 'HJUDGDWLRQV WKDW FDQ EH H[SHFWHG RI WKH 1DY\ VWDQGDUG
FRPSRQHQWV LQ D ZRUVW FDVH 1DY\ HQYLURQPHQWDO VFHQDULR �H[FOXGLQJ UDGLDWLRQ� DUH OLVWHG LQ WDEOH ;,�
)LEHU RSWLF WUDQVPLWWHUV DQG UHFHLYHUV DUH QRW OLVWHG EHFDXVH WKHLU SHUIRUPDQFH VSHFLILFDWLRQV VKRXOG
EH VWDWHG IRU DOO FRQGLWLRQV� ,I WKH OLQN GHVLJQ LV WR DFFRXQW IRU UDGLDWLRQ� VHH ������ 7KH HIIHFWV
RI DGYHUVH HQYLURQPHQWV RQ WKH OLQN SDVVLYH FRPSRQHQWV FDQ EH LQFRUSRUDWHG LQWR WKH OLQN ORVV EXGJHW
E\ LQFOXGLQJ WKH PHDQ RU PD[LPXP LQGXFHG GHJUDGDWLRQ RI HDFK FRPSRQHQW IRU HDFK HQYLURQPHQW LQ � DQG(

LQFOXGLQJ WKH VWDQGDUG GHYLDWLRQ RI WKDW GHJUDGDWLRQ LQ ) �VHH HTXDWLRQ ����(

����� 1XFOHDU UDGLDWLRQ� 7KH SUHVHQFH RI QXFOHDU UDGLDWLRQ PD\ FDXVH WKH WRWDO OLQN ORVV WR
LQFUHDVH� 7KLV LV GXH WR WKH LQFUHDVH LQ WKH ILEHU DWWHQXDWLRQ UDWH �ILEHU GDUNHQLQJ� DQG WKH
LQFUHDVH LQ WKH ORVV RI DQ\ OHQVHV SUHVHQW LQ WKH ILEHU RSWLF OLQN� 7KH DPRXQW RI WKH DWWHQXDWLRQ RU
ORVV LQFUHDVH LQ WKH ILEHU RU OHQVHV LV GHSHQGHQW XSRQ WKH WRWDO GRVH RI UDGLDWLRQ UHFHLYHG� WKH GRVH
UDWH RI WKH H[SRVXUH� DQG WKH WHPSHUDWXUH RI WKH FRPSRQHQW� 5DGLDWLRQ DOVR DIIHFWV WKH OLQN DFWLYH
FRPSRQHQWV E\ UHGXFLQJ WUDQVPLWWHU RXWSXW SRZHU DQG GHFUHDVLQJ UHFHLYHU VHQVLWLYLW\� ,Q WKRVH OLQNV
ZKHUH UDGLDWLRQ LV H[SHFWHG� WKH WUDQVPLWWHUV DQG UHFHLYHUV VKRXOG EH SURWHFWHG IURP WKH UDGLDWLRQ VR
WKDW RQO\ SDVVLYH FRPSRQHQWV DUH DIIHFWHG� ,I UDGLDWLRQ LV D FRQVLGHUDWLRQ LQ WKH GHVLJQ RI D
SDUWLFXODU OLQN� WKH )LEHU 2SWLF 3URJUDP 2IILFH VKRXOG EH FRQWDFWHG WR GHWHUPLQH WKH DSSURSULDWH ZD\
WR LQFOXGH WKH HIIHFWV RI UDGLDWLRQ LQ WKH OLQN ORVV EXGJHW�

7$%/( ;,� &RPSRQHQW HQYLURQPHQWDO GHJUDGDWLRQ IDFWRUV�

)LEHU 2SWLF &RPSRQHQW

(QYLURQPHQWDO 'HUDWLQJ )DFWRU �G%�

0XOWLPRGH 6LQJOH PRGH

0HDQ 6LJPD 0HDQ 6LJPD

&DEOH ���� ���� ���� ����

/LJKW 'XW\ &RQQHFWRU ���� ���� 1RWH � 1RWH �

+HDY\ 'XW\ &RQQHFWRU ���� ���� 1RWH � 1RWH �

6SOLFH ���� ���� ���� ����

6ZLWFK ���� ���� 1RWH � 1RWH �

1RWH �� 9DOXHV IRU WKHVH FRPSRQHQWV DUH QRW DYDLODEOH� &RQWDFW WKH 1$96($ )LEHU 2SWLF
3URJUDP 2IILFH IRU UHFRPPHQGHG YDOXHV�
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����� 7RWDO HQYLURQPHQWDO PDUJLQ� 7KH PHDQ DQG VWDQGDUG GHYLDWLRQ RI WKH WRWDO HQYLURQPHQWDO
PDUJLQ DUH JLYHQ E\�

ZKHUH�
O  7KH WRWDO MXPSHU FDEOH OHQJWK �NP��-&

� � ) �  7KH PHDQ DQG VWDQGDUG GHYLDWLRQ RI WKH HQYLURQPHQWDOO\ LQGXFHG MXPSHU FDEOH-& -&

DWWHQXDWLRQ �G%�NP��

O  7KH WRWDO PXOWLILEHU FDEOH OHQJWK �NP�� 7KLV YDOXH PD\ LQFOXGH DQ DOORZDQFH IRU7

FDEOH UHSDLU RU UHDUUDQJHPHQW�

� � )  7KH PHDQ DQG VWDQGDUG GHYLDWLRQ RI WKH HQYLURQPHQWDOO\ LQGXFHG PXOWLILEHU& &

FDEOH DWWHQXDWLRQ �G%�NP� DW WKH WUDQVPLWWHU
V QRPLQDO FHQWHU ZDYHOHQJWK�

1  7KH WRWDO QXPEHU RI FRQQHFWRUV�&2

� � )  7KH PHDQ DQG VWDQGDUG GHYLDWLRQ RI WKH HQYLURQPHQWDOO\ LQGXFHG FRQQHFWRU ORVV&2 &2

�G%��

1  7KH WRWDO QXPEHU RI VSOLFHV�6

� � )  7KH PHDQ DQG VWDQGDUG GHYLDWLRQ RI WKH HQYLURQPHQWDOO\ LQGXFHG VSOLFH ORVV6 6

�G%��

1  7KH WRWDO QXPEHU RI �RWKHU SDVVLYH GHYLFHV� RI RQH W\SH�2

� � )  7KH PHDQ DQG VWDQGDUG GHYLDWLRQ RI WKH HQYLURQPHQWDOO\ LQGXFHG �RWKHU SDVVLYH2 2

GHYLFH� ORVV �G%��

��� $JLQJ� ,Q JHQHUDO� WKH H[FHVV SRZHU PDUJLQ RI D ILEHU RSWLF OLQN GHFUHDVHV DV WKH
FRPSRQHQWV ZLWKLQ WKDW OLQN DJH� 0RVW RI WKLV LV GXH WR WKH HIIHFWV RI DJLQJ RQ WKH OLQN DFWLYH
FRPSRQHQWV DQG KDV DOUHDG\ EHHQ WDNHQ LQWR DFFRXQW LQ WKH YDOXHV XVHG LQ WKH OLQN ORVV EXGJHW LQ ����
,I WKH HIIHFWV RI DJLQJ RQ WKH WUDQVPLWWHU DQG UHFHLYHU DUH QRW DFFRXQWHG IRU LQ WKH YDOXHV XVHG LQ
WKH OLQN ORVV EXGJHW DQG DUH QRW NQRZQ� WKH\ VKDOO EH DSSUR[LPDWHG E\ GHUDWLQJ WKH PHDQ RU ZRUVW FDVH
VRXUFH RXWSXW SRZHU DQG WKH PHDQ RU ZRUVW FDVH UHFHLYHU VHQVLWLYLW\ E\ WKH DPRXQW VKRZQ LQ WDEOH ;,,�
7KH YDOXHV VKRZQ DUH XVHG DV WKH IDLOXUH GHILQLWLRQV IRU DFWLYH GHYLFHV LQ WKH GHWHUPLQDWLRQ RI WKRVH
GHYLFH PHDQ WLPHV EHIRUH IDLOXUH �07%)�� )RU WKH OLQN SDVVLYH FRPSRQHQWV� DJLQJ LV QRW JHQHUDOO\
FRQVLGHUHG WR DIIHFW WKHLU RSWLFDO SHUIRUPDQFH �H[FHSW IRU FDWDVWURSKLF IDLOXUHV�� ([FHSWLRQV WR WKLV
DUH WKH LQVHUWLRQ ORVV RI FRQQHFWRUV DQG VZLWFKHV WKDW DUH H[SHFWHG WR VHH UHSHDWHG PDWLQJV DQG
GHPDWLQJV RU UHSHDWHG VWDWH FKDQJHV GXULQJ WKHLU OLIHWLPH� 7KH PHDQ RU PD[LPXP ORVV LQFUHDVH RYHU WKH
OLIHWLPH RI WKHVH FRPSRQHQWV VKDOO EH REWDLQHG IURP WKH FRPSRQHQW PDQXIDFWXUHU DQG LQFOXGHG LQ WKH
PHDQ RU PD[LPXP ORVV YDOXH XVHG LQ WKH ORVV EXGJHW �VHH �������

7$%/( ;,,� $FWLYH GHYLFH DJLQJ GHUDWLQJ IDFWRUV�

$FWLYH 'HYLFH 'HUDWLQJ )DFWRU �G%�

/('�7UDQVPLWWHU � ���

/DVHU�7UDQVPLWWHU � ���
�ZLWK FRQVWDQW FXUUHQW�

/DVHU�7UDQVPLWWHU ���
�ZLWK FRQVWDQW SRZHU IHHGEDFN ORRS�

'HWHFWRU�5HFHLYHU � ���

��� $GMXVWPHQWV WR WKH ORVV EXGJHW� 7KH WRWDO DGMXVWPHQW WR WKH OLQN ORVV EXGJHW LV WKH VXP
RI WKH LQGLYLGXDO DGMXVWPHQWV FDOFXODWHG LQ ����� WKURXJK ������ 6HFWLRQV ����� WKURXJK ����� OLVW
DQG H[SODLQ YDULRXV DGMXVWPHQWV ZKLFK PD\ EH PDGH WR D OLQN ORVV EXGJHW WR DFFRXQW IRU GHJUDGDWLRQV
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WKDW PD\ RFFXU LQ ILEHU RSWLF OLQNV GXH WR FRPSRQHQW LQWHUDFWLRQV DQG IXWXUH FKDQJHV WR WKH OLQN
FRQILJXUDWLRQ� )XWXUH FKDQJHV PD\ LQFOXGH VXFK LWHPV DV FKDQJH RI RSHUDWLQJ ZDYHOHQJWK� FRQYHUVLRQ WR
:'0 RU GXSOH[ RSHUDWLRQ� ,W LV VWUDLJKWIRUZDUG WR FDOFXODWH WKH HIIHFW RI WKHVH FKDQJHV RQ WKH ORVV
EXGJHW� 2WKHU DGMXVWPHQWV IRU YDULRXV OLQN GHJUDGDWLRQV �IRU H[DPSOH� GLVSHUVLRQ� MLWWHU� PRGDO
QRLVH� DUH PRUH GLIILFXOW WR DVVHVV� 6RPH PD\ EH GHWHUPLQHG E\ PHDQV RI FRPSOH[ FDOFXODWLRQV� RWKHUV
DUH PHUHO\ UXOHV RI WKXPE REWDLQHG IURP H[SHULHQFHG V\VWHP GHVLJQHUV� )RU HDFK OLQN GHJUDGDWLRQ
DGMXVWPHQW� WKH IROORZLQJ LQIRUPDWLRQ LV SURYLGHG�

D� 7KH FRPPRQ WHUPV IRU WKH GHJUDGDWLRQ �LI DSSOLFDEOH��
E� $ EULHI GLVFXVVLRQ RI LWV FDXVHV�
F� +RZ WR GHWHUPLQH ZKHWKHU WKH DGMXVWPHQW LV DSSOLFDEOH IRU WKH GHVLJQ XQGHU

FRQVLGHUDWLRQ�
G� +RZ WR GHWHUPLQH LWV HIIHFW RQ WKH ORVV EXGJHW�

����� *URZWK DQG IXWXUH XQNQRZQV� 2SWLFDO ILEHU V\VWHPV DUH RIWHQ XSJUDGHG GXULQJ WKH
OLIHWLPH RI WKH VKLS WR SURYLGH PRUH LQIRUPDWLRQ FDSDFLW\ WKDQ WKH UHTXLUHPHQWV RI WKH LQLWLDO
LQVWDOODWLRQV� 7\SLFDOO\� XSJUDGHV FRQVLVW RI HLWKHU D FKDQJH LQ RSHUDWLQJ ZDYHOHQJWK� DQ LQFUHDVH LQ
WKH WUDQVPLVVLRQ ELW UDWH RU WKH XVH RI :'0 WHFKQLTXHV� ,I XSJUDGHV DUH SODQQHG RU FDQ EH SUHGLFWHG�
GLVWRUWLRQ EXGJHWV DQG ORVV EXGJHWV VKDOO EH FDOFXODWHG IRU HDFK SODQQHG XSJUDGH� /RVV EXGJHWV VKDOO
EH FDOFXODWHG DV GHVFULEHG LQ ����� IRU HDFK ZDYHOHQJWK SODQQHG DQG VKDOO LQFOXGH DQ\ DGGLWLRQDO
FRPSRQHQWV WR EH DGGHG LQ WKH OLQN �VXFK DV :'0 FRXSOHUV� DQG WKH GLVSHUVLRQ SRZHU SHQDOW\ IRU WKDW
ZDYHOHQJWK DQG WUDQVPLVVLRQ ELW UDWH� )RU XSJUDGHV ZKLFK LQYROYH WKH XVH RI :'0 WHFKQLTXHV� WKH
DGGLWLRQDO DGMXVWPHQWV GHVFULEHG LQ ����� VKDOO DOVR EH LQFOXGHG�

����� 'LVSHUVLRQ SRZHU SHQDOW\� 7KHUH DUH D QXPEHU RI SRZHU SHQDOWLHV UHODWHG WR WHPSRUDO
GLVWRUWLRQ� ,Q WKLV GRFXPHQW� WKH GLVSHUVLRQ SRZHU SHQDOW\ LV GHILQHG DV WKH SRZHU SHQDOW\ DULVLQJ
IURP LQWHUV\PERO LQWHUIHUHQFH SUREOHPV JHQHUDWHG E\ WHPSRUDO GLVWRUWLRQ DQG GLVSHUVLRQ UHODWHG SXOVH
EURDGHQLQJ� 7KLV SRZHU SHQDOW\ GRHV QRW QHHG WR EH LQFOXGHG LQ WKH DGMXVWPHQWV WR WKH OLQN ORVV
EXGJHW LI WKH UHFHLYHU VHQVLWLYLW\ LV GHILQHG IRU D ZRUVW FDVH GLVWRUWHG VLJQDO �IRU H[DPSOH� DV IRU
)'', FRPSOLDQW UHFHLYHUV�� %HFDXVH RI WKH ILEHU
V ILQLWH EDQGZLGWK� KLJKHU PRGXODWLRQ IUHTXHQFLHV DUH
DWWHQXDWHG PRUH WKDQ ORZHU IUHTXHQFLHV� OHDGLQJ WR DQ HIIHFWLYH UHGXFWLRQ RI SRZHU DW WKH UHFHLYHU�
7KLV SRZHU SHQDOW\ FDQ EH WKRXJKW RI DV WKH DGGLWLRQDO SRZHU QHHGHG WR EH ODXQFKHG E\ WKH WUDQVPLWWHU
WR FRPSHQVDWH IRU WKH UHGXFWLRQ RI SRZHU ZLWKLQ HDFK ELW SHULRG GXH WR GLVWRUWLRQ HIIHFWV ZLWKLQ WKH
OLQN� 7KH GLVSHUVLRQ SRZHU SHQDOW\ FDQ EH H[SUHVVHG DV WHQ WLPHV WKH ORJDULWKP RI WKH V\VWHP
IUHTXHQF\ UHVSRQVH HYDOXDWHG DW D FULWLFDO IUHTXHQF\� $ FRQVHUYDWLYH DSSURDFK LV WR GHILQH WKH
FULWLFDO IUHTXHQF\ HTXDO WR ��� WLPHV WKH EDXG� ,I WKH WRWDO OLQN UHVSRQVH LV DVVXPHG WR EH *DXVVLDQ�
WKLV EHFRPHV

ZKHUH 3 LV WKH GLVSHUVLRQ SRZHU SHQDOW\ �LQ G%�� EDXG LV WKH OLQN EDXG �LQ V\PEROV SHU VHFRQG� DQG'

%: LV WKH WRWDO OLQN EDQGZLGWK �LQ +]� �VHH ����� $GGLWLRQDO LQIRUPDWLRQ RQ WKH GLVSHUVLRQ SRZHU7����

SHQDOW\ LV IRXQG LQ ���L DQG M� ,I WKH OLQN WUDQVPLWWHUV DQG UHFHLYHUV DUH DYDLODEOH WKH GLVSHUVLRQ
SRZHU SHQDOW\ FDQ EH PHDVXUHG XVLQJ (,$�7,$��������

����� 0RGH SDUWLWLRQ QRLVH SHQDOW\� 7KH PRGH SDUWLWLRQ QRLVH �031� SHQDOW\ LV D GLVSHUVLRQ
UHODWHG QRLVH SHQDOW\ ZKLFK DULVHV IURP WKH XVH RI PXOWLORQJLWXGLQDO PRGH ODVHUV DV ILEHU RSWLF OLQN
VRXUFHV� 031 LQ PXOWLORQJLWXGLQDO ODVHUV �WKH WLPH YDU\LQJ GLVWULEXWLRQ RI SRZHU DPRQJ WKH ODVHU
ORQJLWXGLQDO PRGHV� FRXSOHG ZLWK WKH ILEHU FKURPDWLF GLVSHUVLRQ UHGXFHV WKH VLJQDO WR QRLVH UDWLR
�615� DW WKH OLQN UHFHLYHU� ,Q PXOWLPRGH ILEHU RSWLF OLQNV� 031 DOVR SURGXFHV WLPH YDU\LQJ FRQQHFWLRQ
ORVVHV DQG UHVXOWV LQ LQFUHDVHG PRGDO QRLVH �VHH ������� $V ORQJ DV /('V RU ODVHUV ZLWK PDQ\
ORQJLWXGLQDO PRGHV DUH XVHG LQ D PXOWLPRGH ILEHU RSWLF OLQN� 031 GRHV QRW QHHG WR EH FRQVLGHUHG� ,Q
VLQJOH PRGH OLQNV DQG PXOWLPRGH OLQNV XVLQJ ODVHUV ZLWK RQO\ D IHZ ORQJLWXGLQDO PRGHV� WKH 031 SHQDOW\
FDQ EH FDOFXODWHG IURP

ZKHUH EDXG UHIHUV WR OLQN EDXG �LQ ELWV SHU VHFRQG� DQG %: LV WKH VRXUFH�ILEHU H[LW EDQGZLGWK �LQH[����

+]�� $GGLWLRQDO LQIRUPDWLRQ RQ PRGH SDUWLWLRQ QRLVH FDQ EH IRXQG LQ ���L� N� O DQG P�

����� 6LQJOH UHIOHFWLRQ SRZHU SHQDOW\� $QRWKHU QRLVH SHQDOW\ WKDW DULVHV ZKHQ ODVHUV DUH
XVHG DV ILEHU RSWLF OLQN VRXUFHV LV WKH VLQJOH UHIOHFWLRQ �RSWLFDO IHHGEDFN QRLVH� SRZHU SHQDOW\� 7KH
OHQJWK RI ILEHU EHWZHHQ WKH ODVHU DQG WKH ILUVW SRLQW RI UHIOHFWLRQ DFWV DV DQ �SRRU� H[WHUQDO FDYLW\�
7KH SRZHU UHIOHFWHG EDFN LQWR WKH ODVHU IURP WKLV H[WHUQDO FDYLW\ GLVWXUEV WKH ODVHU
V LQWHUQDO
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)LJXUH ��� (\H 3DWWHUQ�

RVFLOODWLRQ� 7KH SURSHUWLHV RI WKLV H[WHUQDO FDYLW\ DUH WLPH YDU\LQJ GXH WR PHFKDQLFDO DQG
HQYLURQPHQWDO YDULDWLRQV DURXQG WKH FDYLW\� %HFDXVH RI WKH WLPH YDULDWLRQV RI WKH H[WHUQDO FDYLW\
SURSHUWLHV� WKH ODVHU FDQQRW ORFN RQWR D PRGH RI WKH H[WHUQDO FDYLW\ DQG WKH ODVHU RXWSXW EHFRPHV
QRLV\� 7KH VLQJOH UHIOHFWLRQ �65� SRZHU SHQDOW\ LV GHSHQGHQW XSRQ WKH SDUWLFXODU GHVLJQ DQG
FRQVWUXFWLRQ RI WKH ODVHU XVHG� 7KH ODVHU PDQXIDFWXUHU VKRXOG SURYLGH D YDOXH RI WKH 65 SRZHU SHQDOW\
DV D IXQFWLRQ RI WKH UHWXUQ ORVV RI WKH ILUVW UHIOHFWLRQ� ,I WKH OLQN WUDQVPLWWHUV DUH DYDLODEOH WKH
65 SRZHU SHQDOW\ FDQ EH PHDVXUHG XVLQJ (,$�7,$��������

����� 0RGDO QRLVH SHQDOW\� $Q DGGLWLRQDO QRLVH SHQDOW\ WKDW RFFXUV ZKHQ ODVHUV DUH XVHG DV
RSWLFDO VRXUFHV LQ PXOWLPRGH OLQNV LV WKH PRGDO QRLVH SRZHU SHQDOW\� 0RGDO QRLVH LV JHQHUDWHG ZKHQ
FRKHUHQW OLJKW LV ODXQFKHG LQWR D PXOWLPRGH RSWLFDO ILEHU DQG LV FKDUDFWHUL]HG E\ D VSHFNOH SDWWHUQ DW
WKH H[LW IDFH RI WKH ILEHU� 7KLV VSHFNOH SDWWHUQ LV WKH UHVXOW RI WKH UDQGRP LQWHUIHUHQFH RI WKH PDQ\
GLIIHUHQW SURSDJDWLRQ PRGHV LQ WKH ILEHU� 031 RU FKDQJHV LQ WKH VRXUFH ZDYHOHQJWK� DV ZHOO DV DQ\
PHFKDQLFDO RU HQYLURQPHQWDO YDULDWLRQV DURXQG WKH ILEHU� FDXVH FKDQJHV LQ WKH VSHFNOH SDWWHUQ� $W
HDFK LQWHUIDFH� WKH VSHFNOH SDWWHUQ LV GHSHQGHQW XSRQ WKH GLVWULEXWLRQ RI FRQVWUXFWLYH RU GHVWUXFWLYH
LQWHUIHUHQFH LQ WKH YDULRXV PRGHV� 6LQFH FRQQHFWRU DQG VSOLFH LQVHUWLRQ ORVV DQG FRXSOHU VSOLWWLQJ
UDWLRV DUH DIIHFWHG E\ WKH PRGH SRZHU GLVWULEXWLRQ� WKH FRPSRQHQW
V ORVV PD\ YDU\ LQ WLPH� 0RGDO
QRLVH LV DYRLGHG LQ PXOWLPRGH ILEHU RSWLF OLQNV LI WKH ODVHU XVHG KDV PDQ\ ORQJLWXGLQDO PRGHV RU LV
PDGH UHODWLYHO\ LQFRKHUHQW �VHH ���P�� 7KH ODVHU FRKHUHQFH FDQ EH GHVWUR\HG E\ SXOVLQJ WKH ODVHU DW D
UHSHWLWLRQ UDWH PXFK LQ H[FHVV RI WKH OLQN EDXG �IRU H[DPSOH� GLWKHULQJ WKH ODVHU DV GRQH LQ VHOI�
SXOVDWLQJ ODVHUV�� :KHQ ODVHUV ZLWK RQO\ D IHZ ORQJLWXGLQDO PRGHV DUH XVHG ZLWK PXOWLPRGH ILEHU WKH
PRGDO QRLVH SRZHU SHQDOW\ LV QRW SUHGLFWDEOH� 9DOXHV RI WKH PRGDO QRLVH SRZHU SHQDOW\ PD\ EH DV KLJK
DV VHYHUDO G% GHSHQGLQJ XSRQ WKH V\VWHP GHVLJQ DQG WKH SDUWLFXODU ODVHU XVHG� 0RGDO QRLVH LV QRW D
SUREOHP LQ VLQJOH PRGH ILEHU RSWLF OLQNV DV ORQJ DV FRQQHFWRUV DQG VSOLFHV ZLWK ORVVHV OHVV WKDQ � G%
DUH XVHG� ,Q VRPH FDVHV WKH PRGDO QRLVH SRZHU SHQDOW\ ZLOO EH LQILQLWH �IRU H[DPSOH� WKH OLQN ZLOO
H[SHULHQFH D %(5 IORRU�� QR DPRXQW RI DGGLWLRQDO SRZHU ZLOO GHFUHDVH WKH OLQN %(5� $GGLWLRQDO
LQIRUPDWLRQ RQ PRGDO QRLVH FDQ EH IRXQG LQ ���K� S DQG T�

����� -LWWHU SRZHU SHQDOW\� 3UHYLRXV VHFWLRQV KDYH FRQVLGHUHG QRLVH RQO\ ZLWK UHVSHFW WR
VLJQDO DPSOLWXGH� 7KH UHODWLYH DPSOLWXGH RI VXFK QRLVH LV H[SUHVVHG E\ WKH 615� 7KLV VHFWLRQ
GLVFXVVHV MLWWHU ZKLFK FRQFHUQV D QRLVH�OLNH SURSHUW\ RI VLJQDO SKDVLQJ RU WLPLQJ� -LWWHU LV GHILQHG
DV WKH VKRUW�WHUP QRQFXPXODWLYH YDULDWLRQV RI WKH VLJQLILFDQW LQVWDQWV RI D GLJLWDO VLJQDO IURP WKHLU
LGHDO SRVLWLRQV LQ WLPH� *HQHUDOO\� WKH VLJQLILFDQW LQVWDQWV UHIHU WR WKDW SRUWLRQ RI WKH GLJLWDO
ZDYHIRUP XVHG IRU WLPLQJ� -LWWHU LV PDQLIHVWHG LQ D GLJLWDO VLJQDO DV WKH UHGXFWLRQ RI WKH H\H ZLGWK
LQ D H\H SDWWHUQ GLDJUDP GXH WR WKH WHPSRUDO VSUHDGLQJ RI WKH WUDQVLWLRQ UHJLRQ IRU ERWK WKH OHDGLQJ
DQG WUDLOLQJ HGJH RI WKH SXOVHV �VHH )LJXUH ����

7KH MLWWHU LQ D OLQN LV D IXQFWLRQ RI WKH 615 DQG LV XVXDOO\ DFFRPSDQLHG E\ DQ LQFUHDVH LQ WKH OLQN
%(5� 7\SLFDOO\� WKH LQFUHDVH LQ WKH %(5 FDQ EH RIIVHW E\ LQFUHDVLQJ WKH SRZHU DYDLODEOH DW WKH
UHFHLYHU E\ VRPH DPRXQW UHIHUUHG WR DV WKH MLWWHU SRZHU SHQDOW\� 7KH HIIHFW RI MLWWHU RQ V\VWHP
SHUIRUPDQFH GHSHQGV RQ WKH DSSOLFDWLRQ DV ZHOO DV WKH GHVLJQ DQG SHUIRUPDQFH RI WKH HOHFWURQLF
FRPSRQHQWV DIWHU WKH OLQN UHFHLYHU� )RU DSSOLFDWLRQV LQ ZKLFK UHSHDWHUV DUH QRW XVHG� MLWWHU LV
JHQHUDOO\ QRW DQ LVVXH LQ OLQN GHVLJQ� ,Q PDQ\ FDVHV WKH VSHFWUDO FRQWHQW RI WKH MLWWHU LV MXVW DV
LPSRUWDQW DV WKH PDJQLWXGH RI WKH MLWWHU� )RU H[DPSOH� ZKHQ SRVW�UHFHLYHU FRPSRQHQWV ZLWK ORZ�SDVV
IUHTXHQF\ UHVSRQVHV DUH XVHG� WKHVH FRPSRQHQWV ZLOO EH UHODWLYHO\ LQVHQVLWLYH WR KLJKHU IUHTXHQF\
MLWWHU FRPSRQHQWV� 7\SLFDOO\� MLWWHU VSHFLILFDWLRQV FRYHU D VSHFLILHG IUHTXHQF\ UDQJH DQG WHVW
SURFHGXUHV LQFOXGH ILOWHUV WR OLPLW WKH VSHFWUDO FRQWHQW RI WKH PHDVXUHG MLWWHU� -LWWHU LV GLYLGHG
LQWR WZR W\SHV� GHWHUPLQLVWLF DQG UDQGRP�

������� 'HWHUPLQLVWLF MLWWHU� 'HWHUPLQLVWLF MLWWHU LV WKH FRPSRQHQW RI MLWWHU WKDW LV
FRUUHODWHG ZLWK D GHYLFH WUDQVIHU SDUDPHWHU DQG LQFOXGHV GXW\ F\FOH GLVWRUWLRQ DQG SDWWHUQ GHSHQGHQW
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(21)

(22)

(23)

(24)

MLWWHU� 7KH PDJQLWXGH RI SDWWHUQ GHSHQGHQW MLWWHU LV D IXQFWLRQ RI WKH GDWD SDWWHUQ HPSOR\HG WR
PHDVXUH LW� ,Q SUDFWLFH� SDWWHUQ GHSHQGHQW MLWWHU PHDVXUHPHQWV LQFOXGH ERWK SDWWHUQ GHSHQGHQW MLWWHU
DQG GXW\ F\FOH GLVWRUWLRQ� DQG UHSUHVHQW WKH WRWDO GHWHUPLQLVWLF MLWWHU�

������� 5DQGRP MLWWHU� 5DQGRP MLWWHU LV GHILQHG DV WKDW FRPSRQHQW RI MLWWHU WKDW LV
XQFRUUHODWHG ZLWK DQ\ FRPSRQHQW RI WKH DIIHFWHG VLJQDO RU GHYLFH WUDQVIHU SDUDPHWHUV� 5DQGRP MLWWHU
LV JHQHUDWHG ZKHQ D QRLVH FRQWDPLQDWHG� EDQGZLGWK�OLPLWHG VLJQDO LV SURFHVVHG E\ D WKUHVKROG GHYLFH�
(DFK FRPSRQHQW RI WKH OLQN FRQWULEXWHV WR UDQGRP MLWWHU HLWKHU GLUHFWO\ E\ LQFUHDVLQJ WKH QRLVH RI WKH
VLJQDO RU LQGLUHFWO\ E\ IXUWKHU EDQGZLGWK�OLPLWLQJ WKH VLJQDO�

������� 7RWDO MLWWHU� 7KH WRWDO RXWSXW MLWWHU LQ WKH OLQN LV D IXQFWLRQ RI WKH LQSXW MLWWHU
LQ WKH HOHFWULFDO VLJQDO GULYLQJ WKH WUDQVPLWWHU DQG WKH MLWWHU LQWURGXFHG E\ WKH WUDQVPLWWHU� WKH
ILEHU� WKH UHFHLYHU� DQG WKH FORFN UHFRYHU\ PRGXOH� (DFK FRPSRQHQW LQWURGXFHV ERWK UDQGRP DQG
GHWHUPLQLVWLF MLWWHU H[FHSW IRU WKH ILEHU� ZKLFK RQO\ GLUHFWO\ LQWURGXFHV GHWHUPLQLVWLF MLWWHU �WKH
ILEHU FRQWULEXWHV WR WKH UDQGRP MLWWHU E\ GHFUHDVLQJ WKH OLQN EDQGZLGWK�� 7KH WUDQVPLWWHU FRQWULEXWHV
WR WKH UDQGRP MLWWHU EHFDXVH RI QRLVH SUHVHQW ZLWKLQ WKH WUDQVPLWWHU WKDW PRGXODWHV WKH GLJLWDO VLJQDO
WLPLQJ� ,W FRQWULEXWHV WR WKH GHWHUPLQLVWLF MLWWHU LQ WKH IRUP RI SDWWHUQ GHSHQGHQW MLWWHU� 7KH
WUDQVPLWWHU
V FRQWULEXWLRQ WR ERWK WKH UDQGRP DQG GHWHUPLQLVWLF MLWWHU LQ WKH OLQN LV XVXDOO\ VPDOO�
7KH RSWLFDO ILEHU FRQWULEXWHV WR GHWHUPLQLVWLF MLWWHU LQ WKH IRUP RI GDWD GHSHQGHQW MLWWHU GXH WR LWV
GHJUDGLQJ RI WKH VLJQDO EDQGZLGWK� 7KH RSWLFDO UHFHLYHU FRQWULEXWHV WR WKH UDQGRP MLWWHU E\
LQFUHDVLQJ WKH QRLVH OHYHO RQ WKH VLJQDO DQG GHWHUPLQLVWLF MLWWHU LQ WKH IRUP RI GDWD GHSHQGHQW
MLWWHU� 7KH WRWDO GHWHUPLQLVWLF MLWWHU RI WKH OLQN LV WKH DOJHEUDLF VXP RI WKH FRQVWLWXHQW
FRPSRQHQWV
 GHWHUPLQLVWLF MLWWHUV� 7KH WRWDO UDQGRP MLWWHU RI WKH OLQN LV WKH 506 VXP RI WKH
FRQVWLWXHQW FRPSRQHQWV
 UDQGRP MLWWHU� 7KH ZRUVW FDVH WRWDO MLWWHU RI WKH OLQN LV FDOFXODWHG E\
DOJHEUDLFDOO\ VXPPLQJ WKH WRWDO GHWHUPLQLVWLF MLWWHU ZLWK WKH WRWDO UDQGRP MLWWHU�

������� -LWWHU EXGJHW� $ MLWWHU EXGJHW PD\ EH SHUIRUPHG WR HYDOXDWH WKH MLWWHU SHUIRUPDQFH
RI D ILEHU RSWLF OLQN� 7\SLFDOO\� WKH WRWDO RXWSXW MLWWHU IURP WKH UHFHLYHU LV FRPSDUHG WR WKH
PD[LPXP LQSXW MLWWHU UHTXLUHPHQW IRU WKH FORFN UHFRYHU\ PRGXOH� 7KH WRWDO GHWHUPLQLVWLF MLWWHU �LQ
VHFRQGV� LV

ZKHUH '- LV WKH LQSXW GHWHUPLQLVWLF MLWWHU WR WKH WUDQVPLWWHU �LQ VHFRQGV�� '- LV WKH WUDQVPLWWHULQ 7;

GHWHUPLQLVWLF MLWWHU �LQ VHFRQGV�� '- LV WKH ILEHU GHWHUPLQLVWLF MLWWHU �LQ VHFRQGV�� DQG '- LV WKHI 5;

UHFHLYHU GHWHUPLQLVWLF MLWWHU �LQ VHFRQGV�� 7KH WRWDO UDQGRP MLWWHU �LQ VHFRQGV� LV

ZKHUH 5- LV WKH LQSXW UDQGRP MLWWHU WR WKH WUDQVPLWWHU �LQ VHFRQGV�� 5- LV WKH WUDQVPLWWHU UDQGRPLQ 7;

MLWWHU �LQ VHFRQGV�� DQG 5- LV WKH UHFHLYHU UDQGRP MLWWHU �LQ VHFRQGV�� 7KH MLWWHUV RI WKH LQSXW5;

VLJQDO WR WKH WUDQVPLWWHU DUH REWDLQHG IURP WKH PDQXIDFWXUHU RI WKH FRPSRQHQW RU HTXLSPHQW JHQHUDWLQJ
WKDW VLJQDO� ,Q PRVW FDVHV WKH LQSXW MLWWHU FDQ EH DVVXPHG WR EH QHJOLJLEOH� 7KH MLWWHUV LQWURGXFHG
E\ WKH WUDQVPLWWHU DQG UHFHLYHU DUH REWDLQHG IURP WKH WUDQVPLWWHU DQG UHFHLYHU PDQXIDFWXUHU� ,I WKHVH
YDOXHV DUH QRW DYDLODEOH WKH\ FDQ EH PHDVXUHG XVLQJ (,$�7,$�������� (,$�7,$������� DQG (,$�7,$��������
7KH YDOXH RI WKH GHWHUPLQLVWLF MLWWHU RI WKH ILEHU FDQ EH GHWHUPLQHG IURP WKH LQSXW DQG RXWSXW ULVH
WLPHV RI WKH ILEHU E\ FRPSDULQJ GHILQHG EHVW FDVH DQG ZRUVW FDVH GDWD SDWWHUQV� $Q H[SRQHQWLDO
LPSXOVH UHVSRQVH LV DVVXPHG DW WKH LQSXW WR WKH ILEHU DQG D JDXVVLDQ LPSXOVH UHVSRQVH LV DVVXPHG DW
WKH RXWSXW RI WKH ILEHU� ,Q WKLV GRFXPHQW WKH EHVW FDVH GDWD SDWWHUQ ZDV FRQVLGHUHG WR EH RQH �RQ�
VWDWH IROORZHG E\ DQ �RII� VWDWH DQG WKH ZRUVW FDVH GDWD SDWWHUQ ZDV DVVXPHG WR EH WKUHH FRQVHFXWLYH
�RQ� VWDWHV IROORZHG E\ DQ �RII� VWDWH� 7KH GHWHUPLQLVWLF MLWWHU RI WKH ILEHU �LQ VHFRQGV� LV WKHQ
JLYHQ E\

ZKHUH W LV WKH VRXUFH ULVH WLPH �LQ VHFRQGV�� W LV WKH VRXUFH�ILEHU H[LW ULVH WLPH �LQ VHFRQGV�� DQGV H[

WKH GHWHUPLQLVWLF MLWWHU FRQVWDQWV $ DQG % DUH JLYHQ E\ WDEOH ;,,,� �7R GHWHUPLQH WKH FRQVWDQW %� XVH
WKH ILEHU�FDEOH H[LW ULVH WLPH WR EDXG SHULRG UDWLR� )RU $� XVH WKH VRXUFH ULVH WLPH WR EDXG SHULRG
UDWLR�� ,I PRUH WKDQ WKUHH FRQVHFXWLYH �RQ� VWDWHV DUH FRQVLGHUHG LQ D OLQN
V GDWD IRUPDW WKH
FRQVWDQWV $ DQG % ZLOO EH VOLJKWO\ GLIIHUHQW� 7KH WRWDO RXWSXW MLWWHU� - �LQ VHFRQGV�� WKHQ LV JLYHQ7

E\
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������� 0D[LPXP LQSXW MLWWHU UHTXLUHPHQW� ,Q JHQHUDO� WKH FORFN UHFRYHU\ PRGXOH
VSHFLILFDWLRQ ZLOO LQFOXGH D PD[LPXP LQSXW MLWWHU UHTXLUHPHQW� 7KH WRWDO MLWWHU RXW RI WKH UHFHLYHU
VKRXOG EH OHVV WKDQ WKH PD[LPXP LQSXW MLWWHU UHTXLUHPHQW RI WKH FORFN UHFRYHU\ PRGXOH� ,I WKH WRWDO
RXWSXW MLWWHU IURP WKH UHFHLYHU LV JUHDWHU WKDQ WKH PD[LPXP DOORZHG IRU WKH FORFN UHFRYHU\ PRGXOH� WKH
UHFHLYHU PDQXIDFWXUHU VKRXOG EH FRQWDFWHG WR GHWHUPLQH WKH WUDGHRIIV EHWZHHQ UHFHLYHU VHQVLWLYLW\ DQG
UHFHLYHU MLWWHU� 7KH MLWWHU EXGJHW FDQ EH UHFDOFXODWHG IRU WKH GLIIHULQJ YDOXHV RI UHFHLYHU MLWWHU
�FRUUHVSRQGLQJ WR GLIIHUHQW UHFHLYHU VHQVLWLYLWLHV� XQWLO WKH FORFN UHFRYHU\ LQSXW UHTXLUHPHQW LV PHW�
7KH MLWWHU SRZHU SHQDOW\ LV WKH GLIIHUHQFH LQ WKH LQLWLDO DQG ILQDO YDOXHV RI WKH UHFHLYHU
VHQVLWLYLW\� ,I WKH LQSXW MLWWHU VSHFLILFDWLRQ IRU WKH FORFN UHFRYHU\ PRGXOH LV QRW NQRZQ� WKH WRWDO
RXWSXW MLWWHU IURP WKH UHFHLYHU VKDOO EH OHVV WKDQ �� SHUFHQW RI WKH EDXG SHULRG� ,I FDOFXODWLRQV
GHWHUPLQH WKDW WKH WRWDO RXWSXW MLWWHU IURP WKH UHFHLYHU LV PRUH WKDQ �� SHUFHQW RI WKH EDXG SHULRG�
WKH GHVLJQHU VKRXOG VHOHFW D GLIIHUHQW WUDQVPLWWHU RU UHFHLYHU ZLWK LPSURYHG ULVH WLPH RU MLWWHU
VSHFLILFDWLRQV� $GGLWLRQDO LQIRUPDWLRQ RQ MLWWHU FDQ EH IRXQG LQ ���U�

7$%/( ;,,,� )LEHU GHWHUPLQLVWLF MLWWHU FRQVWDQWV�

5LVH WLPH WR %DXG 3HULRG 'HWHUPLQLVWLF -LWWHU &RQVWDQW
5DWLR

$ %

� ���� ����� �����

���� ����� �����

���� ����� �����

���� ����� �����

���� ����� �����

���� ����� �����

���� ����� �����

���� ����� �����

����� 2WKHU SRZHU SHQDOWLHV� ,Q ILEHU RSWLF V\VWHPV RWKHU SRZHU SHQDOWLHV PD\ H[LVW� EXW LQ
JHQHUDO DUH QRW VLJQLILFDQW� 7KH H[FHSWLRQV WR WKLV DUH SHQDOWLHV GXH WR FURVVWDON IURP :'0 FRXSOHUV
LQ :'0 OLQNV DQG WR EDFN�UHIOHFWLRQV IURP WKH WUDQVPLWWHU WR WKH UHFHLYHU LQ ELGLUHFWLRQDO V\VWHPV�
,Q OLQN GHVLJQV WKDW DUH ELGLUHFWLRQDO RU ZKHUH :'0 WHFKQLTXHV DUH EHLQJ XVHG� D ORVV EXGJHW IRU WKH
FURVVWDON FKDQQHO VKDOO EH FDOFXODWHG WR YHULI\ WKDW WKH SRZHU OHYHO RI WKH FURVVWDON FKDQQHO DW WKH
GHWHFWRU�UHFHLYHU LV ZHOO EHORZ WKH GHWHFWRU�UHFHLYHU VHQVLWLYLW\�

��� &RPSRQHQW UHOLDELOLW\ FDOFXODWLRQV� 7KLV VHFWLRQ HVWDEOLVKHV XQLIRUP SUHGLFWLRQV IRU WKH
UHOLDELOLW\ RI 1DY\ ILEHU RSWLF FRPSRQHQWV� 7KH LQWHQW RI WKLV VHFWLRQ LV WR DXJPHQW 0,/�+'%.���� LQ
WKH DUHD RI ILEHU RSWLF FRPSRQHQW UHOLDELOLW\ FDOFXODWLRQV� 7ZR RI WKH GHUDWLQJ IDFWRUV XVHG DUH
JHQHUDOO\ DSSOLFDEOH IRU DOO RI WKH FRPSRQHQWV� 7KH WHPSHUDWXUH GHUDWLQJ IDFWRU� % � IRU HDFK7

FRPSRQHQW LV JLYHQ E\

ZKHUH 7� LV WKH H[SHFWHG RSHUDWLQJ WHPSHUDWXUH LQ .HOYLQ �WKH WHPSHUDWXUH LQ &HOVLXV SOXV ���
GHJUHHV�� 7KH TXDOLW\ GHUDWLQJ IDFWRU� % � IRU HDFK FRPSRQHQW LV JLYHQ LQ WDEOH ;,9�4
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7$%/( ;,9� )LEHU RSWLF FRPSRQHQW TXDOLW\ IDFWRUV�

7\SH RI &RPSRQHQW %4

/LVWHG RQ 4XDOLILHG 3DUWV /LVW RU ILUVW DUWLFOH ���
WHVWHG

0DQXIDFWXUHG WR VSHFLILFDWLRQ� EXW XQWHVWHG ���

&RPPHUFLDO� KLJK TXDOLW\ ���

&RPPHUFLDO� DYHUDJH TXDOLW\ ���

����� 2SWLFDO FDEOH� 7KH RSWLFDO FDEOH IDLOXUH UDWH PRGHO LV JLYHQ E\

ZKHUH� �  )LEHU RSWLF FDEOH IDLOXUH UDWHS

�  %XIIHUHG RSWLFDO ILEHU� ILEHU ZLWKLQ DQ 2)&& RU D ILEHU ZLWKLQ D PXOWLILEHU FDEOHE

EDVH
IDLOXUH UDWH �VHH WDEOH ;9�

%  (QYLURQPHQWDO GHUDWLQJ IDFWRU �VHH WDEOH ;9,�(

%  7HPSHUDWXUH GHUDWLQJ IDFWRU7

%  1XPEHU RI ILEHUV LQ WKH FDEOHQ

%  4XDOLW\ IDFWRU4

7$%/( ;9� )LEHU RSWLF FRPSRQHQW EDVH IDLOXUH UDWHV�

&RPSRQHQW � �)DLOXUHV��� KRXUV�E
�

%XIIHUHG RSWLFDO ILEHU ����

)LEHU :LWKLQ 2)&& ����

)LEHU :LWKLQ 0XOWLILEHU &DEOH �����

/LJKW 'XW\ &RQQHFWRU �����

+HDY\ 'XW\ &RQQHFWRU �����

6LQJOH )LEHU 6SOLFH �����

7$%/( ;9,� 2SWLFDO FDEOH HQYLURQPHQWDO GHUDWLQJ IDFWRUV�

(QYLURQPHQW %(

1DYDO 6XUIDFH 6KLS 8QVKHOWHUHG ��

1DYDO 6XUIDFH 6KLS 6KHOWHUHG ���

1DYDO 6XEPDULQH ���

����� /LJKW GXW\ VLQJOH WHUPLQXV FRQQHFWRUV� 7KH OLJKW GXW\ VLQJOH WHUPLQXV FRQQHFWRU
IDLOXUH UDWH PRGHO LV JLYHQ E\

ZKHUH� �  /LJKW GXW\ VLQJOH WHUPLQXV FRQQHFWRU IDLOXUH UDWHS

�  6LQJOH WHUPLQXV FRQQHFWRU EDVH IDLOXUH UDWH �VHH WDEOH ;9�E

%  (QYLURQPHQWDO GHUDWLQJ IDFWRU �VHH WDEOH ;9,,�(

%  7HPSHUDWXUH GHUDWLQJ IDFWRU7
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%  0DWLQJ�XQPDWLQJ GHUDWLQJ IDFWRU �VHH WDEOH ;9,,,�.

%  4XDOLW\ IDFWRU4

7$%/( ;9,,� /LJKW GXW\ FRQQHFWRU HQYLURQPHQWDO GHUDWLQJ IDFWRUV�

(QYLURQPHQW %(

1DYDO 6XUIDFH 6KLS 8QVKHOWHUHG ��

1DYDO 6XUIDFH 6KLS 6KHOWHUHG ���

1DYDO 6XEPDULQH ���

7$%/( ;9,,,� 0DWLQJ�XQPDWLQJ GHUDWLQJ IDFWRUV�

0DWLQJ�8QPDWLQJ &\FOHV %

�SHU ���� KRXUV�
.

� � ���� ���

!���� � ��� ���

!��� � � ���

!� � �� ���

!�� ���

����� +HDY\ GXW\ PXOWLWHUPLQXV FRQQHFWRUV� 7KH KHDY\ GXW\ PXOWLWHUPLQXV FRQQHFWRU IDLOXUH
UDWH PRGHO LV JLYHQ E\

ZKHUH� �  +HDY\ GXW\ PXOWLWHUPLQXV FRQQHFWRU IDLOXUH UDWHS

�  6LQJOH FRQQHFWLRQ EDVH IDLOXUH UDWH �VHH WDEOH ;9�E

%  (QYLURQPHQWDO GHUDWLQJ IDFWRU �VHH WDEOH ;,;�(

%  7HPSHUDWXUH GHUDWLQJ IDFWRU7

%  0DWLQJ�XQPDWLQJ GHUDWLQJ IDFWRU �VHH WDEOH ;;�.

%  1XPEHU RI DFWLYH WHUPLQL LQ WKH FRQQHFWRU �VHH WDEOH ;;,�S

%  4XDOLW\ IDFWRU4

7$%/( ;,;� +HDY\ GXW\ FRQQHFWRU HQYLURQPHQWDO GHUDWLQJ IDFWRUV�

(QYLURQPHQW %(

1DYDO 6XUIDFH 6KLS 8QVKHOWHUHG ��

1DYDO 6XUIDFH 6KLS 6KHOWHUHG ���

1DYDO 6XEPDULQH ���
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7$%/( ;;� +HDY\ GXW\ FRQQHFWRU PDWLQJ�XQPDWLQJ GHUDWLQJ IDFWRUV�

0DWLQJ�8QPDWLQJ &\FOHV %

�SHU ���� KRXUV�
.

� � ���� ���

!���� � ��� ���

!��� � � ���

!� � �� ���

!�� ���

7$%/( ;;,� 1XPEHU RI DFWLYH WHUPLQL GHUDWLQJ IDFWRU�

1XPEHU RI $FWLYH 7HUPLQL %S

� ����

� ����

� ����

� ����

� ����

� ����

� ����

� ����

����� /LJKW GXW\ VLQJOH ILEHU VSOLFHV� 7KH OLJKW GXW\ VLQJOH ILEHU VSOLFH IDLOXUH UDWH PRGHO
LV JLYHQ E\

ZKHUH� �  /LJKW GXW\ VLQJOH ILEHU VSOLFH IDLOXUH UDWHS

�  6LQJOH ILEHU VSOLFH EDVH IDLOXUH UDWH �VHH WDEOH ;9�E

%  (QYLURQPHQWDO GHUDWLQJ IDFWRU �VHH WDEOH ;;,,�(

%  7HPSHUDWXUH GHUDWLQJ IDFWRU7

%  4XDOLW\ IDFWRU4

7$%/( ;;,,� /LJKW GXW\ VSOLFH HQYLURQPHQWDO GHUDWLQJ IDFWRUV�

(QYLURQPHQW %(

1DYDO 6XUIDFH 6KLS 8QVKHOWHUHG ���

1DYDO 6XUIDFH 6KLS 6KHOWHUHG ���

1DYDO 6XEPDULQH ���

����� 2SWLFDO VZLWFKHV� 7KH RSWLFDO VZLWFK IDLOXUH UDWH PRGHO LV JLYHQ E\

ZKHUH� �  2SWLFDO VZLWFK IDLOXUH UDWHS

�  2SWLFDO VZLWFK EDVH IDLOXUH UDWH �VHH WDEOH ;;,,,�E
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%  (QYLURQPHQWDO GHUDWLQJ IDFWRU �VHH WDEOH ;;,9�(

%  7HPSHUDWXUH GHUDWLQJ IDFWRU7

%  1XPEHU RI VZLWFK VWDWHV �VHH WDEOH ;;9�F

%  4XDOLW\ IDFWRU4

7$%/( ;;,,,� 2SWLFDO VZLWFK EDVH IDLOXUH UDWH�

6ZLWFKLQJ 0HFKDQLVP �E

(OHFWUR�RSWLF� 0RYLQJ )LEHU �����

(OHFWUR�RSWLF� 0RYLQJ 0LUURU �����

6ROLG 6WDWH �����

7$%/( ;;,9� 2SWLFDO VZLWFK HQYLURQPHQWDO GHUDWLQJ IDFWRUV�

(QYLURQPHQW %(

1DYDO 6XUIDFH 6KLS 8QVKHOWHUHG ��

1DYDO 6XUIDFH 6KLS 6KHOWHUHG ���

1DYDO 6XEPDULQH ���

7$%/( ;;9� 1XPEHU RI VZLWFK VWDWHV GHUDWLQJ IDFWRU�

1XPEHU RI VZLWFK VWDWHV %F

� ���

���� )LEHU RSWLF V\VWHP GHVLJQ H[DPSOHV� $SSHQGLFHV % DQG & FRQWDLQ ILEHU RSWLF V\VWHP
GHVLJQ H[DPSOHV WKDW LOOXVWUDWH WKH SURSHU DSSOLFDWLRQ RI WKH HTXDWLRQV SUHVHQWHG KHUHLQ� 7DEOH ;;9,
VKRZV WKH WRSLFV FRYHUHG LQ HDFK H[DPSOH�

7$%/( ;;9,� 7RSLFV FRYHUHG LQ ILEHU RSWLF GHVLJQ H[DPSOHV�

7RSLF $SSHQGL[ % $SSHQGL[ &

([DPSOH � ([DPSOH � ([DPSOH �

1HWZRUN 7RSRORJ\ 6$)(1(7 6$)(1(7 6$)(1(7

0XOWLPRGH RU 6LQJOH 0RGH 0XOWLPRGH 0XOWLPRGH 6LQJOH 0RGH

6RXUFH 7\SH 6/(' (/(' /DVHU

/RVV %XGJHW (TXDWLRQ :RUVW &DVH 6WDWLVWLFDO :RUVW &DVH

&DOFXODWH (QYLURQPHQWDO 0DUJLQ 1R <HV <HV

$JLQJ ,QFOXGHG LQ 7UDQVPLWWHU�5HFHLYHU <HV 1R <HV
6SHFLILFDWLRQV
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�7KLV VHFWLRQ FRQWDLQV LQIRUPDWLRQ RI D JHQHUDO RU H[SODQDWRU\ QDWXUH WKDW PD\ EH KHOSIXO� EXW LV QRW
PDQGDWRU\��

��� ,QWHQGHG XVH� 7KH GHVLJQ UHTXLUHPHQWV FRQWDLQHG LQ WKLV VWDQGDUG DUH LQWHQGHG WR EH XVHG
IRU DOO DSSOLFDEOH V\VWHPV� WR HQVXUH V\VWHP RSHUDELOLW\ ZKHQ ILHOGHG� LQWHURSHUDELOLW\ EHWZHHQ
V\VWHPV GHVLJQHG E\ GLIIHUHQW RUJDQL]DWLRQV� DQG SURSHU RSHUDWLRQ ZKHQ FRQQHFWHG WR WKH ILEHU RSWLF
FDEOH WRSRORJ\�

��� ,VVXH RI '2',66� :KHQ WKLV VWDQGDUG LV XVHG LQ DFTXLVLWLRQ� WKH DSSOLFDEOH LVVXH RI WKH
'2',66 PXVW EH FLWHG LQ WKH VROLFLWDWLRQ �VHH ����� DQG �����

��� 5HIHUHQFHV� 7KH IROORZLQJ UHIHUHQFHV PD\ EH XVHG WR REWDLQ DGGLWLRQDO LQIRUPDWLRQ RQ
GLIIHUHQW DVSHFWV RI FRPSRQHQW SHUIRUPDQFHV DQG V\VWHP GHVLJQ� 7KHVH GRFXPHQWV DUH QRUPDOO\ DYDLODEOH
IURP WKH RUJDQL]DWLRQV WKDW SUHSDUH RU GLVWULEXWH WKH GRFXPHQWV� 7KHVH GRFXPHQWV DOVR PD\ EH
DYDLODEOH LQ RU WKURXJK OLEUDULHV RU RWKHU LQIRUPDWLRQDO VHUYLFHV�

D� 6FKZDUW]� 0�,� DQG 0�-� %XFNOHU� �7KH &KRLFH RI 5HIUDFWLYH ,QGH[ 'LIIHUHQFH IRU
0XOWLPRGH )LEHUV 2SHUDWHG DW ��� 0LFURQV�� 3URFHHGLQJV ,QWHUQDWLRQDO &RQIHUHQFH RQ
&RPPXQLFDWLRQV� -XQ �����

E� %XFNOHU� 0�-�� �)LEHU IRU ORFDO DUHD QHWZRUNV LQ WKH 86�� 3URFHHGLQJV �QG
,QWHUQDWLRQDO 6\PSRVLXP RQ 2SWLFDO DQG (OHFWUR�2SWLFDO $SSOLHG 6FLHQFH DQG
(QJLQHHULQJ� 1RY ����� SS� ��������

F� 5HIL� -�-� DQG +�(�6� 1H\VPLWK� �3HUIRUPDQFH RI 'DWD /LQN 0RGXOHV DV D )XQFWLRQ RI
0XOWLPRGH )LEHU 6L]H�� )LEHU DQG ,QWHJUDWHG 2SWLFV� 9RO� �� ����� SS� ��������

G� %URZQ� *� '�� �%DQGZLGWK DQG 5LVH 7LPH &DOFXODWLRQV IRU 'LJLWDO )LEHU 2SWLF 'DWD
/LQNV�� -RXUQDO RI /LJKWZDYH 7HFKQRORJ\� 9RO� ��� 1R� �� 0D\ �����

H� 6FKLFNHWDQ]� '� DQG :� 6� -DFNPDQ� �(IIHFWLYH )LEHU %DQGZLGWK LQ /(' %DVHG 6\VWHPV��
3URFHHGLQJV� 6\PSRVLXP RQ 2SWLFDO )LEHU 0HDVXUHPHQWV� 6HS �����

I� +XWFKLVRQ� -� DQG '� .QXGVRQ� �'HYHORSLQJ 6WDQGDUGV IRU D )LEHU 2SWLF /$1 � )'',��
63,( YRO� ��� )LEHU 2SWLF 7HOHFRPPXQLFDWLRQV DQG &RPSXWHU 1HWZRUNV� ����� SS� ������

J� +DFNHUW� 0� -�� �7KH ,PSRUWDQFH DQG $SSOLFDWLRQ RI 'LVSHUVLRQ RI 0XOWLPRGH )LEHU LQ
/$1V DQG LWV 5HODWLRQ WR 1$�� ,QWHUQDWLRQDO :LUH DQG &DEOH 6\PSRVLXP� 1RYHPEHU �����

K� +DFNHUW� 0� -� DQG *� '� %URZQ� �6\VWHP 'HVLJQ 0HWKRGRORJ\ IRU 3RZHU %XGJHWLQJ RI ����
�P 0XOWLPRGH )LEHU 6\VWHPV�� -RXUQDO RI /LJKWZDYH 7HFKQRORJ\� 9RO ��� 1R �� $SULO
�����

L� 0\VRUH� 6� 0� HW DO�� �&KURPDWLF 'LVSHUVLRQ 0HDVXUHPHQWV DQG 5HODWHG 6\VWHP 3RZHU
3HQDOWLHV�� 63,( 9RO� ��� )LEHU 2SWLF� 6KRUW�+DXO DQG /RQJ�+DXO 0HDVXUHPHQWV DQG
$SSOLFDWLRQV ,,� ����� SS� ������

M� $JUDZDO� *� 3� HW DO�� �'LVSHUVLRQ 3HQDOW\ IRU �����P /LJKWZDYH 6\VWHPV ZLWK 0XOWLPRGH
6HPLFRQGXFWRU /DVHUV�� -RXUQDO RI /LJKWZDYH 7HFKQRORJ\� 9RO� �� 1R� �� 0D\ ����� SS�
��������

N� 2OVHQ� &� 0� HW DO�� �1RLVH &DXVHG E\ 6HPLFRQGXFWRU /DVHUV LQ +LJK�6SHHG )LEHU�2SWLF
/LQNV�� -RXUQDO RI /LJKWZDYH 7HFKQRORJ\� 9RO� �� 1R� �� $SULO ����� SS� ��������

O� 0LVNRYLF� (�-� DQG 3�:� &DVSHU� �2SWLFDO 7UDQVPLVVLRQ &KDQQHO 1RLVH 3KHQRPHQD IRU +LJK
%LW 5DWH )LEHU 2SWLF 6\VWHPV�� 3URFHHGLQJV 7HFKQLFDO 3URJUDP (OHFWUR 2SWLFDO /DVHU
&RQIHUHQFH ([SR� ����� 2FWREHU ����� SS� ��������

P� -LDQJ� :� HW DO�� �,PSURYHG $QDO\VLV RI 'LVSHUVLRQ 3HQDOW\ LQ 2SWLFDO )LEUH 6\VWHPV��
2SWLFDO DQG 4XDQWXP (OHFWURQLFV� 9RO� ��� SS� ������

Q� 7KRPVRQ� -�(� HW DO�� �0RGDO 1RLVH LQ /DVHU�%DVHG 0XOWLPRGH 2SWLFDO ,QWHUFRQQHFWV��
3URFHHGLQJV� )LUVW ,QWHUQDWLRQDO :RUNVKRS RQ 3KRWRQLF 1HWZRUNV� &RPSRQHQWV DQG
$SSOLFDWLRQV� 2FW �����

R� 'DV� 6�� HW DO�� �0RGDO 1RLVH DQG 'LVWRUWLRQ &DXVHG E\ D /RQJLWXGLQDO *DS %HWZHHQ 7ZR
0XOWLPRGH )LEHUV�� $SSOLHG 2SWLFV� ����� 9RO� ��� 1R� �� S� �����

S� 2KWVXER� -XQML� �)UHTXHQF\ 'HSHQGHQFH RI 0RGDO 1RLVH LQ 0XOWLPRGH 2SWLFDO )LEHUV��
$SSOLHG 2SWLFV� ����� 9RO� ��� 1R� ��� SS� ����������

T� (SZRUWK� 5�(�� �7KH 3KHQRPHQRQ RI 0RGDO 1RLVH LQ $QDORJXH DQG 'LJLWDO 2SWLFDO )LEUH
6\VWHPV�� 6WDQGDUG 7HOHFRPPXQLFDWLRQ /DERUDWRULHV /LPLWHG� +DUORZ� 8.�

U� 7ULVFKLWWD� 3�5�� DQG (�/� 9DUPD� -LWWHU LQ 'LJLWDO 7UDQVPLVVLRQ 6\VWHPV� $UWHFK
+RXVH� 1RUZRRG� 0$� �����
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��� 6XEMHFW WHUP �NH\ ZRUG� OLVWLQJ�

$GMXVWPHQWV WR OLQN ORVV EXGJHW
%DQGZLGWK
&DEOH
&DEOH WRSRORJ\
&RPSRQHQW UHOLDELOLW\ FDOFXODWLRQV
&RQQHFWRUV
&RXSOHUV
([LW EDQGZLGWK
,QWHU�HTXLSPHQW FRQQHFWLRQV
,QWHUFRQQHFWLRQ ER[HV
,QWUD�HTXLSPHQW RUJDQL]DWLRQ
/LQN ORVV EXGJHW
/RVV EXGJHW
2SWLFDO ILEHU
5HFHLYHUV
6SOLFHV
6ZLWFKHV
7UDQVPLWWHUV
:DYHOHQJWK

3UHSDULQJ DFWLYLW\�
1DY\ � 6+

�3URMHFW *'54�1����
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7(67 352&('85( 72 '(7(50,1( &283/(' 32:(5 5$7,2
)25 08/7,02'( 237,&$/ ),%(56

��� 6&23(

���� 6FRSH� 7KH LQWHQW RI WKLV SURFHGXUH LV WR PHDVXUH WKH ORJDULWKPLF UDWLR RI WKH WRWDO
RSWLFDO SRZHU FRXSOHG LQWR D &ODVV ,D JUDGHG�LQGH[ PXOWLPRGH RSWLFDO ILEHU WR WKH HIIHFWLYH RSWLFDO
SRZHU FRXSOHG LQWR WKH ORZ RUGHU PRGHV RI WKH ILEHU E\ D ILEHU RSWLF VRXUFH RU WUDQVPLWWHU�

��� $33/,&$%/( '2&80(176

7KLV VHFWLRQ GRHV QRW DSSO\ WR WKLV DSSHQGL[�

��� 7(67 (48,30(17

���� 2SWLFDO SRZHU PHWHU �FDOLEUDWLRQ WUDFHDEOH WR 1,67 6WDQGDUG�� $Q RSWLFDO SRZHU PHWHU
VKDOO EH XVHG ZKLFK KDV D UHVROXWLRQ RI DW OHDVW ��� G%P� DQG ZKLFK KDV EHHQ FDOLEUDWHG IRU WKH
ZDYHOHQJWK UDQJH DQG G\QDPLF UDQJH RI RSHUDWLRQ IRU WKH HTXLSPHQW WR EH WHVWHG�

���� ,QSXW VLJQDO VRXUFH� $Q LQSXW VLJQDO VRXUFH ZKLFK PRGXODWHV WKH RSWLFDO WUDQVPLWWHU
ZLWK D PRGXODWLRQ VLJQDO VLPLODU WR WKDW H[SHFWHG LQ WKH V\VWHP DSSOLFDWLRQ�

���� &ODVV ,D MXPSHU FDEOH� $ MXPSHU FDEOH FRQVWUXFWHG ZLWK &ODVV ,D JUDGHG�LQGH[ PXOWLPRGH
RSWLFDO ILEHU ZLWK QHDU QRPLQDO FRUH VL]H DQG 1$ HTXLSSHG ZLWK DSSURSULDWH FRQQHFWRUV� 7KH MXPSHU
VKRXOG EH VXIILFLHQWO\ ORQJ WKDW DOO ODXQFKHG FODGGLQJ PRGH SRZHU LV FRPSOHWHO\ DWWHQXDWHG EHIRUH WKH
RXWSXW FRQQHFWRU�

���� &ODVV ,9D ����� QP VLQJOH PRGH� MXPSHU FDEOH� $ MXPSHU FDEOH FRQVWUXFWHG ZLWK &ODVV ,9D
GLVSHUVLRQ XQVKLIWHG VLQJOH PRGH ILEHU ZLWK QHDU QRPLQDO PRGH ILHOG GLDPHWHU HTXLSSHG ZLWK DSSURSULDWH
FRQQHFWRUV� 7KH MXPSHU VKRXOG EH VXIILFLHQWO\ ORQJ WKDW DOO ODXQFKHG FODGGLQJ PRGH SRZHU LV
FRPSOHWHO\ DWWHQXDWHG EHIRUH WKH RXWSXW FRQQHFWRU�

���� ��� QP VLQJOH PRGH MXPSHU FDEOH� $ MXPSHU FDEOH FRQVWUXFWHG ZLWK D PRGH ILHOG GLDPHWHU
RI DSSUR[LPDWHO\ ��� � ��� �P �WR SURPRWH WKH DWWHQXDWLRQ RI WKH VHFRQG RUGHU PRGH DW ��� QP� HTXLSSHG
ZLWK DSSURSULDWH FRQQHFWRUV�

��� 7(67 6$03/(

7KH WHVW VDPSOH VKDOO EH D ILEHU RSWLF VRXUFH RU WUDQVPLWWHU RSHUDWLQJ XQGHU QRUPDO RSHUDWLQJ
FRQGLWLRQV�

��� 7(67 352&('85(

���� 6HWXS�

D� $SSO\ WKH DSSURSULDWH LQSXW PRGXODWLRQ VLJQDO WR WKH RSWLFDO VRXUFH RU
WUDQVPLWWHU XQGHU WHVW� $OORZ VXIILFLHQW WLPH ��� PLQXWHV XQOHVV RWKHUZLVH
VSHFLILHG� IRU WKH VRXUFH RU WUDQVPLWWHU XQGHU WHVW WR UHDFK D VWHDG\�VWDWH
WHPSHUDWXUH DQG SHUIRUPDQFH FRQGLWLRQ�

E� 7XUQ RQ WKH RSWLFDO SRZHU PHWHU DQG DOORZ WKH PDQXIDFWXUHU
V UHFRPPHQGHG ZDUP�
XS DQG VHWWOLQJ WLPH EHIRUH VWDUWLQJ DQ\ PHDVXUHPHQWV�

F� &OHDQ WKH RSWLFDO FRQQHFWRUV RI WKH PXOWLPRGH WHVW MXPSHU FDEOH� WKH VLQJOH
PRGH WHVW MXPSHU FDEOH� DQG WKH RSWLFDO VRXUFH RU WUDQVPLWWHU XQGHU WHVW�

���� 0HDVXUHPHQW�

D� &RQQHFW RQH HQG RI WKH PXOWLPRGH WHVW MXPSHU FDEOH WR WKH RSWLFDO VRXUFH RU
WUDQVPLWWHU XQGHU WHVW DQG WKH RWKHU HQG WR WKH LQSXW FRQQHFWRU RI WKH RSWLFDO
SRZHU PHWHU�

E� 2EVHUYH WKH RSWLFDO SRZHU UHDGLQJ� ,I WKH RSWLFDO SRZHU PHWHU UHDGLQJ
IOXFWXDWHV PRUH WKDQ ��� G% �SHDN�WR�SHDN�� WKH UHDGLQJ VKRXOG EH GLVUHJDUGHG
�HLWKHU WKH RSWLFDO VRXUFH RU WUDQVPLWWHU XQGHU WHVW LV QRW VXIILFLHQWO\
VWDELOL]HG RU WKH RSWLFDO SRZHU OHYHO LV WRR ORZ IRU WKH RSWLFDO SRZHU PHWHU��
:KHQ WKH PHWHU UHDGLQJ LV VXIILFLHQWO\ VWDEOH� UHFRUG WKH YDOXH �LQ G%P��

F� 'LVFRQQHFW WKH PXOWLPRGH WHVW MXPSHU FDEOH IURP WKH RSWLFDO SRZHU PHWHU�
6HOHFW WKH DSSURSULDWH VLQJOH�PRGH MXPSHU FDEOH ZLWK UHVSHFW WR WKH RSWLFDO
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VRXUFH RXWSXW ZDYHOHQJWK� &RQQHFW RQH HQG RI WKH VLQJOH PRGH WHVW MXPSHU
FDEOH WR WKH RXWSXW HQG RI WKH PXOWLPRGH WHVW MXPSHU FDEOH DQG DQG WKH RWKHU
HQG RI WKH VLQJOH PRGH WHVW MXPSHU FDEOH WR WKH LQSXW FRQQHFWRU RI WKH RSWLFDO
SRZHU PHWHU�

G� 2EVHUYH WKH RSWLFDO SRZHU UHDGLQJ� ,I WKH RSWLFDO SRZHU PHWHU UHDGLQJ
IOXFWXDWHV PRUH WKDQ ��� G% �SHDN�WR�SHDN�� WKH UHDGLQJ VKRXOG EH GLVUHJDUGHG
�HLWKHU WKH RSWLFDO VRXUFH RU WUDQVPLWWHU XQGHU WHVW LV QRW VXIILFLHQWO\
VWDELOL]HG RU WKH RSWLFDO SRZHU OHYHO LV WRR ORZ IRU WKH RSWLFDO SRZHU PHWHU��
:KHQ WKH PHWHU UHDGLQJ LV VXIILFLHQWO\ VWDEOH� UHFRUG WKH YDOXH �LQ G%P��

H� 'LVFRQQHFW WKH VLQJOH PRGH DQG PXOWLPRGH WHVW MXPSHU FDEOHV DQG FOHDQ WKH
MXPSHU FDEOH FRQQHFWRUV�

I� 5HSHDW VWHSV ����D WKURXJK ����H XQWLO ILYH VWDEOH UHDGLQJV IRU ERWK SRZHU
PHDVXUHPHQWV DUH REWDLQHG�

��� &$/&8/$7,216

D� )RU HDFK UHSHWLWLRQ LQ ����� FDOFXODWH WKH ORJDULWKPLF UDWLR RI WKH RSWLFDO
SRZHU FRXSOHG LQWR WKH PXOWLPRGH RSWLFDO ILEHU WR WKH RSWLFDO SRZHU FRXSOHG
LQWR WKH VLQJOH PRGH RSWLFDO ILEHU

5  3 � 36 PP VP

ZKHUH 3 LV WKH RSWLFDO SRZHU FRXSOHG LQWR WKH VLQJOH PRGH ILEHU DQG 3 LV WKHVP PP

RSWLFDO SRZHU FRXSOHG LQWR WKH PXOWLPRGH RSWLFDO ILEHU�
E� &DOFXODWH WKH DYHUDJH RI WKH YDOXHV REWDLQHG LQ ��D�
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),*85( ��� 0XOWLPRGH 6$)(1(7 WRSRORJ\ IRU H[DPSOH ��

08/7,02'( '(6,*1 (;$03/(6

��� 6&23(

���� 6FRSH� 7KLV DSSHQGL[ FRQWDLQV H[DPSOHV IRU FDOFXODWLQJ EDQGZLGWK� ORVV EXGJHWV� DQG
RWKHU IDFWRUV QHFHVVDU\ WR GHVLJQ PXOWLPRGH ILEHU RSWLF V\VWHPV� 7KLV DSSHQGL[ LV QRW D PDQGDWRU\
SDUW RI WKLV VWDQGDUG� 7KH FRPSRQHQW VSHFLILFDWLRQV DQG QHWZRUN WRSRORJLHV SUHVHQWHG KHUHLQ ZHUH
GHYHORSHG IRU LQVWUXFWLRQDO SXUSRVHV RQO\ DQG DUH QRW UHSUHVHQWDWLYH RI DQ\ SDUWLFXODU LQVWDOODWLRQ�

��� $33/,&$%/( '2&80(176

7KLV VHFWLRQ GRHV QRW DSSO\ WR WKLV DSSHQGL[�

��� (;$03/(6
���� *HQHUDO� 7KHVH H[DPSOHV DUH LQWHQGHG WR SURYLGH JXLGDQFH WR WKH GHVLJQ HQJLQHHU RQ WKH

DSSOLFDWLRQ RI WKH IRUPXODH XVHG WR HYDOXDWH WKH YLDELOLW\ RI WZR K\SRWKHWLFDO ILEHU RSWLF WRSRORJLHV�
$V ZLOO EH VHHQ ZKHQ FRPSDULQJ WKH H[DPSOHV� WKH HTXDWLRQV XVHG DQG WKHLU DSSOLFDWLRQ YDU\ LQ
DFFRUGDQFH ZLWK WKH WRSRORJ\ GHVLJQ� V\VWHP VSHFLILFDWLRQV DQG DYDLODEOH GDWD� 7KH HTXDWLRQV�
SDUDJUDSKV DQG WDEOHV UHIHUHQFHG LQ WKH H[DPSOHV FDQ EH IRXQG LQ 6HFWLRQ � RI WKLV VWDQGDUG�

���� ([DPSOH �� ([DPSOH � GHPRQVWUDWHV WKH VHOHFWLRQ DQG DSSOLFDWLRQ RI HTXDWLRQV XVHG WR
HYDOXDWH WKH VXUYLYDEOH DGDSWDEOH ILEHU RSWLF HPEHGGHG QHWZRUN �6$)(1(7� WRSRORJ\ VKRZQ RQ ILJXUH ��
DQG GHVFULEHG LQ ������� 7KH WRSRORJ\ DQG FRPSRQHQW VSHFLILFDWLRQV KDYH EHHQ SURYLGHG E\ D V\VWHP
GHVLJQ WHDP DV D SURSRVHG WDFWLFDO VKLSERDUG QHWZRUN� ,V WKH SURSRVHG V\VWHP YLDEOH XQGHU ZRUVW FDVH
FRQGLWLRQV"
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������ 6\VWHP VSHFLILFDWLRQV�

D� )LEHU 6SHFLILFDWLRQV�

7\SH� PXOWLPRGH� JUDGHG LQGH[

6L]H� �������� �P

$WWHQXDWLRQ� ��� G%�NP PD[ # ���� QP � �� QP� UHVWULFWHG ODXQFK �5(6�
��� G%�NP PD[ # ��� QP � �� QP� �5(6�

7UDQVLHQW /RVV� ��� G% PD[ IRU OHQJWKV JUHDWHU WKDQ ��� NP

0RGDO %DQGZLGWK� ��� 0+] NP PLQ # ���� QP�

��� 0+] NP PLQ # ��� QP�

'LVSHUVLRQ 6ORSH
DW =HUR 'LVSHUVLRQ
:DYHOHQJWK� � [ �� V�QP NP��� ��

)LEHU =HUR
'LVSHUVLRQ
:DYHOHQJWK� ���� QP

� � ���� G%�NP # ���� QP
�

E� 7UDQVPLWWHU VSHFLILFDWLRQV�

6RXUFH 7\SH� 6XUIDFH (PLWWLQJ /(' �6/('�

&HQWHU
:DYHOHQJWK� ���� QP � �� QP

6SHFWUDO :LGWK� ��� QP ):+0

2SWLFDO 2XWSXW
3RZHU� ��� G%P PLQ # ���� QP LQWR �������� �P ILEHU RYHU WKH UDWHG

OLIHWLPH

5DWHG 5LVH 7LPH� � QV PD[

F� 5HFHLYHU VSHFLILFDWLRQV�

'HWHFWRU 7\SH� 3RVLWLYH�,QWULQVLF�1HJDWLYH �3,1� 'LRGH

6HQVLWLYLW\� ��� G%P PLQ IRU D ZRUVW FDVH GLVWRUWHG LQSXW VLJQDO DQG D
%(5 RI �� RYHU WKH UDWHG OLIHWLPH��

5DWHG 5LVH 7LPH� � QV� PD[

G� 6$)(1(7 VSHFLILFDWLRQV�

7&8 /RVV� ��� G% PD[� �2)/�� WKURXJK DQ\ SDWK

6SOLFH /RVV� ��� G% PD[� �2)/�

&RQQHFWRU /RVV� ��� G% PD[� �2)/�

%LW 5DWH� ��� 0ESV

&RGLQJ )RUPDW� �%��%

H� 6\VWHP LQWHJULW\� $OO WHUPLQDOV RI DQ LQGLYLGXDO V\VWHP �6\VWHP $ RU 6\VWHP %� PXVW EH
DEOH WR FRPPXQLFDWH ZKHQ DOWHUQDWH V\VWHP WHUPLQDOV DUH E\SDVVHG�
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������ 'HVLJQ HYDOXDWLRQ� 7KH GHVLJQ HYDOXDWLRQ LOOXVWUDWHG LQ WKLV H[DPSOH DVVXPHV D ZRUVW
FDVH VFHQDULR� DJLQJ LQFOXGHG LQ WKH WUDQVPLWWHU�UHFHLYHU VSHFLILFDWLRQV� DQG XVHV WKH DGGLWLRQDO � G%
VDIHW\ PDUJLQ LQ OLHX RI FDOFXODWLQJ WKH HQYLURQPHQWDO PDUJLQ�

�������� %DQGZLGWK DQG ULVH WLPH FDOFXODWLRQV� 7KH SDWK IURP %� WR %� LV WKH ORQJHVW ����
PHWHUV JRLQJ FRXQWHU�FORFNZLVH� DQG WKH VKRUWHVW ��� PHWHUV JRLQJ FORFNZLVH�� 7KLV OLQN� EHLQJ WKH
PRVW FULWLFDO OLQN RI WKH WRSRORJ\� ZLOO EH DQDO\]HG IRU GLVWRUWLRQ DQG DWWHQXDWLRQ OLPLWDWLRQV�
6WDUWLQJ ZLWK (TXDWLRQ ���� DQG UHDOL]LQJ WKDW WKH OLQN PLQLPXP SHUIRUPDQFH ZLOO RFFXU ZKHQ WKH
WUDQVPLWWHU LV RSHUDWLQJ DW WKH ORZHU OLPLW RI LWV ZDYHOHQJWK UDQJH� WKH VRXUFH FHQWHU ZDYHOHQJWK LV

)URP (TXDWLRQ ���� WKH 506 VSHFWUDO ZLGWK LV

)URP (TXDWLRQV ��� DQG ���� WKH ILEHU GLVSHUVLRQ DQG WKH GLVSHUVLRQ VORSH DW WKH ILEHU RSWLF
WUDQVPLWWHU FHQWHU ZDYHOHQJWK DUH

7KH PLQLPXP EDQGZLGWK ZLOO RFFXU LQ WKH ORQJHVW OLQN LQ WKH WRSRORJ\� ,I WKH EDQGZLGWK LV VXIILFLHQW
IRU WKH ORQJHVW OLQN� WKHQ LW FDQ EH DVVXPHG WKDW LW ZLOO EH VXIILFLHQW IRU DOO RWKHU OLQNV� )RU WKLV
H[DPSOH� WKH FDEOH OHQJWK �/ � HTXDOV ��� PHWHUV� 7KH ULVH WLPHV DVVRFLDWHG ZLWK WKH ILUVW DQG VHFRQGF

RUGHU FKURPDWLF GLVSHUVLRQ IRU WKH ORQJHVW SDWK OHQJWK DUH JLYHQ E\ (TXDWLRQV ��� DQG ��� WR EH

)URP (TXDWLRQ ���� WKH HVWLPDWHG FDEOH PRGDO EDQGZLGWK LV

)URP (TXDWLRQ ����� E\ H[FOXGLQJ WKH UHFHLYHU FRQWULEXWLRQ� WKH ILEHU�FDEOH H[LW EDQGZLGWK LV

$OVR IURP (TXDWLRQ ����� WKH WRWDO RSWLFDO OLQN ��G% EDQGZLGWK LV FDOFXODWHG WR EH
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7KH PLQLPXP DFFHSWDEOH WRWDO RSWLFDO OLQN �� G% EDQGZLGWK� DFFRUGLQJ WR (TXDWLRQ ����� PXVW EH HTXDO
WR RU JUHDWHU WKDQ �� SHUFHQW RI WKH RSWLFDO EDXG� 6$)(1(7 XWLOL]HV D �%��% FRGLQJ IRUPDW DQG D ���
0ESV HOHFWULFDO OLQH ELW UDWH� )URP WDEOH 9,� WKH ELW UDWH WR EDXG FRQYHUVLRQ IDFWRU� (� LV ���� 7KH
RSWLFDO OLQH EDXG LV WKXV

$IWHU VXEVWLWXWLQJ LQ WKH YDOXH RI WKH OLQN EDXG� (TXDWLRQ ���� EHFRPHV

7KLV FRQGLWLRQ LV VDWLVILHG�

�������� /RVV EXGJHW FDOFXODWLRQ� 7KH ORVV EXGJHW HTXDWLRQ PXVW EH VDWLVILHG IRU ERWK WKH
ORQJHVW DQG VKRUWHVW SDWK OHQJWKV� 7KLV ZLOO YHULI\ WKDW WKH RSWLFDO SRZHU LQFLGHQW RQ WKH GHWHFWRU
ZLOO EH LQ WKH SURSHU UDQJH IRU FRUUHFW GHPRGXODWLRQ DW WKH UHFHLYHU� 6LQFH D ZRUVW FDVH DQDO\VLV LV
GHVLUHG� (TXDWLRQ ���� PD\ EH VLPSOLILHG E\ HOLPLQDWLQJ WKH ODVW WHUP RI WKH HTXDWLRQ �WKDW LV �;>) �7

�

���@ �� $OVR� WKLV LV D WDFWLFDO OLQN DQG LW KDV EHHQ GHFLGHG WKDW DQ HQYLURQPHQWDO PDUJLQ �� � VKRXOGô
(

QRW EH FDOFXODWHG� VR D � G% VDIHW\ PDUJLQ �0� VKDOO EH XVHG LQ WKH ORVV EXGJHW HTXDWLRQ� 7KHUH DUH
QRW DGMXVWPHQWV WR WKH OLQN ORVV EXGJHW VLQFH WKH UHFHLYHU VHQVLWLYLW\ LV GHILQHG LQ WHUPV RI D ZRUVW
FDVH GLVWRUWHG VLJQDO DQG QR OLQN XSJUDGHV DUH SODQQHG� 7KH WUDQVLHQW FDEOH ORVV� 7� SURYLGHG E\ WKH
FDEOH PDQXIDFWXUHU IRU WKLV W\SH RI FDEOH LV ��� G% PD[LPXP� -XPSHU FDEOHV DUH LQWHUQDO WR WKH
WUDQVPLWWHU DQG UHFHLYHU DQG DUH FRQVLGHUHG WR EH QHJOLJLEOH �O � � � )  ��� )URP LQIRUPDWLRQ-& -& -&

SURYLGHG E\ WKH FDEOH PDQXIDFWXUHU� � �DW ���� QP� ZDV GHWHUPLQHG WR EH ���� G%�NP� 6WDUWLQJ ZLWK WKH
�

ORQJHVW FDEOH SDWK RI ��� PHWHUV� WKH SDWK LQFOXGHV WZR FRQQHFWRUV� �� VSOLFHV� DQG VL[ 7&8V� 7KH
ORVV EXGJHW HTXDWLRQ� IURP (TXDWLRQ ����� LV

������ &RQFOXVLRQV� 7KH ULJKW KDQG VLGH RI WKH DERYH HTXDWLRQ LV HTXDO WR ���� G%� DQG WKXV
WKH FRQGLWLRQV UHSUHVHQWHG LQ WKH ORVV EXGJHW HTXDWLRQ DUH QRW VDWLVILHG� 7KHUHIRUH� WKH SURSRVHG
WRSRORJ\ SUHVHQWHG IRU DQDO\VLV LV QRW D YLDEOH VROXWLRQ XQGHU ZRUVW FDVH FRQGLWLRQV DQG WKH DQDO\VLV
LV FRPSOHWHG�

���� ([DPSOH �� ([DPSOH � GHPRQVWUDWHV WKH VHOHFWLRQ DQG DSSOLFDWLRQ RI WKH HTXDWLRQV XVHG
WR HYDOXDWH WKH 6$)(1(7 WRSRORJ\ VKRZQ RQ ILJXUH �� DQG GHVFULEHG LQ ������� 7KH WRSRORJ\ DQG
FRPSRQHQW VSHFLILFDWLRQV KDYH EHHQ SURYLGHG E\ D V\VWHP GHVLJQ WHDP DV D SURSRVHG WDFWLFDO VKLSERDUG
QHWZRUN� ,V WKH SURSRVHG V\VWHP YLDEOH DW D �� SHUFHQW FRQILGHQFH OHYHO"

������ 6\VWHP VSHFLILFDWLRQV�

D� )LEHU VSHFLILFDWLRQV�

7\SH� PXOWLPRGH� JUDGHG LQGH[

6L]H� �������� �P

$WWHQXDWLRQ� ��� G%�NP DYJ �5(6�� ��� G%�NP VWG GHYLDWLRQ # ���� QP � ��
QP
��� G%�NP PD[ �5(6� # ��� QP � �� QP
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),*85( ��� 0XOWLPRGH 6$)(1(7 WRSRORJ\ IRU H[DPSOH ��

7UDQVLHQW /RVV� ��� G% # ��� NP� ���� G% # ��� NP� DQG ��� G% IRU OHQJWKV
JUHDWHU WKDQ ��� NP

0RGDO %DQGZLGWK� ��� 0+] NP PLQ # ���� QP�

��� 0+] NP PLQ # ��� QP�

'LVSHUVLRQ 6ORSH
DW =HUR 'LVSHUVLRQ
:DYHOHQJWK� ��� SV�QP NP��

)LEHU =HUR
'LVSHUVLRQ
:DYHOHQJWK� ���� QP

� � ���� G%�NP # ���� QP
�

E� 7UDQVPLWWHU VSHFLILFDWLRQV�

6RXUFH 7\SH� (GJH (PLWWLQJ /(' �(/('�

&HQWHU
:DYHOHQJWK� ���� QP � �� QP

6SHFWUDO :LGWK� �� QP ):+0

2SWLFDO 2XWSXW
3RZHU� ��� G%P DYJ� ��� G%P PLQ� DQG � G%P VWG GHYLDWLRQ # ���� QP

LQWR �������� �P ILEHU�

5DWHG 5LVH 7LPH� � QV PD[
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F� 5HFHLYHU VSHFLILFDWLRQV�

'HWHFWRU 7\SH� 3RVLWLYH�,QWULQVLF�1HJDWLYH �3,1� 'LRGH

6HQVLWLYLW\� ��� G%P DYJ� ��� G%P PLQ� DQG � G%P VWG GHYLDWLRQ IRU D
EHVW FDVH LQSXW VLJQDO DQG D %(5 RI ����

0D[LPXP ,QSXW
3RZHU� ��� G%P

5DWHG 5LVH 7LPH� � QV� PD[

G� 6$)(1(7 VSHFLILFDWLRQV�

7&8 �%\SDVV 6ZLWFK�
/RVV� ��� G% DYJ �5(6�� ��� G% DYJ �2)/�� ��� G% PD[ �2)/��

��� G% VWG GHYLDWLRQ� WKURXJK DQ\ SDWK

7&8 (QYLURQPHQWDO
'HUDWLQJ )DFWRU� ���� G% DYJ� ���� G% VWG GHYLDWLRQ

6SOLFH /RVV� ��� G% DYJ �5(6�� ��� G% DYJ �2)/�� ��� G% PD[ �2)/��
��� G% VWG GHYLDWLRQ

6SOLFH (QYLURQPHQWDO
'HUDWLQJ )DFWRU� ���� G% DYJ� ��� G% VWG GHYLDWLRQ

&RQQHFWRU /RVV� ��� G% DYJ �2)/�� ��� G% DYJ �5(6�� ��� G% 0$; �2)/��
��� G% VWG GHYLDWLRQ

&RQQHFWRU (QYLURQPHQWDO
'HUDWLQJ )DFWRU� ���� G% DYJ� ���� G% VWG GHYLDWLRQ

H� 6\VWHP LQWHJULW\� (DFK QHWZRUN WHUPLQDO PXVW EH DEOH WR E\SDVV DW OHDVW WKUHH ���
DGMDFHQW� FRQVHFXWLYH RXW�RI�VHUYLFH WHUPLQDOV�

������ 'HVLJQ HYDOXDWLRQ� 7KH GHVLJQ HYDOXDWLRQ LOOXVWUDWHG LQ WKLV H[DPSOH XVHV VWDWLVWLFDO
PHWKRGV� LQFOXGLQJ D FDOFXODWLRQ IRU HQYLURQPHQWDO PDUJLQ�

�������� %DQGZLGWK DQG ULVH WLPH FDOFXODWLRQV� 7KH ORQJHVW SDWK OHQJWK IRU WKLV DQDO\VLV LV
��� PHWHUV �EHWZHHQ 7� DQG 7�� DQG EHWZHHQ 7�� DQG 7��� 7KHUHIRUH� WKLV ZLOO EH WKH OLQN FKRVHQ IRU
DQDO\VLV� 6WDUWLQJ ZLWK (TXDWLRQ ��� DQG XVLQJ WKH WUDQVPLWWHU
V PLQLPXP ZDYHOHQJWK� WKH VRXUFH
FHQWHU ZDYHOHQJWK LV

)URP (TXDWLRQ ���� WKH 506 VSHFWUDO ZLGWK LV

)URP (TXDWLRQV ��� DQG ���� WKH ILEHU GLVSHUVLRQ DQG WKH GLVSHUVLRQ VORSH DW WKH ILEHU RSWLF
WUDQVPLWWHU FHQWHU ZDYHOHQJWK DUH
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7KH V\VWHPV PLQLPXP EDQGZLGWK ZLOO RFFXU LQ WKH OLQN ZLWK WKH ORQJHVW OHQJWK RI FDEOH� )RU WKLV
H[DPSOH� / HTXDOV ��� PHWHUV� 7KH ULVH WLPHV DVVRFLDWHG ZLWK WKH ILUVW DQG VHFRQG RUGHU FKURPDWLFF

GLVSHUVLRQ DUH JLYHQ E\ (TXDWLRQV ��� DQG ��� WR EH

)URP (TXDWLRQ ���� WKH HVWLPDWHG FDEOH PRGDO EDQGZLGWK LV

)URP (TXDWLRQ ����� E\ H[FOXGLQJ WKH UHFHLYHU FRQWULEXWLRQ� WKH ILEHU�FDEOH H[LW EDQGZLGWK LV

$OVR IURP (TXDWLRQ ����� WKH WRWDO RSWLFDO OLQN ��G% EDQGZLGWK LV FDOFXODWHG WR EH

7R VDWLVI\ WKH FRQGLWLRQV RI (TXDWLRQ ����� WKH WRWDO RSWLFDO OLQN ��G% EDQGZLGWK PXVW EH HTXDO WR RU
JUHDWHU WKDQ �� SHUFHQW RI WKH RSWLFDO EDXG� 6$)(1(7 XWLOL]HV D �%��% FRGLQJ IRUPDW DQG D ��� 0ESV
HOHFWULFDO OLQH ELW UDWH� :LWK ( HTXDO WR ��� IURP WDEOH 9,� WKH RSWLFDO OLQH EDXG LV WKXV

$IWHU VXEVWLWXWLQJ LQ IRU WKH OLQN EDXG� (TXDWLRQ ���� EHFRPHV

7KLV FRQGLWLRQ LV VDWLVILHG�

�������� /RVV EXGJHW FDOFXODWLRQ� 7KLV LV D WDFWLFDO OLQN DQG LW KDV EHHQ GHFLGHG WR
FDOFXODWH WKH HQYLURQPHQWDO PDUJLQ� VR RQO\ D � G% VDIHW\ PDUJLQ �0� VKDOO EH XVHG LQ WKH ORVV EXGJHW
HTXDWLRQ� 7KH SDWK IURP 7� WR 7� LQFOXGHV WZR FRQQHFWRUV� �� VSOLFHV� ILYH 7&8V� DQG VL[ FDEOHV�
-XPSHU FDEOHV DUH LQWHUQDO WR WKH WUDQVPLWWHU DQG UHFHLYHU DQG DUH FRQVLGHUHG WR EH QHJOLJLEOH �O �-&

� � )  ��� 7KH PHDQ DQG VWDQGDUG GHYLDWLRQ RI WKH HQYLURQPHQWDO PDUJLQ �� DQG ) � DV FDOFXODWHG-& -& ( (

IURP (TXDWLRQ ���� DUH
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0 � 9.35 dB

PRmax 
 	10 	 0.03(1.3) 	 2(0.52) 	 2(0.26) 	 1(0.52)
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DGMXVWPHQWV� $� DUH FRPSULVHG RI WKH ���� G% GLVSHUVLRQ SRZHU SHQDOW\ FDOFXODWHG IURP (TXDWLRQ ���� DV
IROORZV

%HFDXVH WKH VSHFLILFDWLRQV IRU WUDQVPLWWHU RXWSXW SRZHU DQG WKH UHFHLYHU VHQVLWLYLW\ DUH QRW JLYHQ
RYHU WKH OLIHWLPH RI WKH GHYLFH� WKHVH YDOXHV PXVW EH GHUDWHG DFFRUGLQJ WR WDEOH ;,,� 7KH FRXSOHG
SRZHU UDWLR IRU WKH RSWLFDO VRXUFH LV QRW NQRZQ VR D YDOXH RI .  ��� ZDV FKRVHQ EDVHG RQ WKH
GLVFXVVLRQ LQ ����� �D W\SLFDO (/(' VRXUFH . YDOXH�� 7KH WUDQVLHQW ORVV� 7� VKRXOG QRW EH LQFOXGHG LQ
WKH FDOFXODWLRQ EDVHG RQ WDEOH ;,,� )URP LQIRUPDWLRQ SURYLGHG E\ WKH FDEOH PDQXIDFWXUHU� � �DW ����

�

QP� ZDV GHWHUPLQHG WR EH ���� G%�NP� 7KH ORVV RI WKH FRPSRQHQWV LV FDOFXODWHG XVLQJ HTXDWLRQ ����

�  ��� � ������������  ���� �  ��� � ������������ ����V FR

�  ��� � ������������  ����VZ

7KH ORVV EXGJHW HTXDWLRQ� (TXDWLRQ ����� LV

7KH ULJKW KDQG VLGH RI WKH DERYH HTXDWLRQ LV HTXDO WR ���� G%� DQG WKXV WKH FRQGLWLRQV UHSUHVHQWHG LQ
WKH ORVV EXGJHW HTXDWLRQ DUH VDWLVILHG� 7KLV SDUW RI WKH DQDO\VLV VKRZV WKDW D WUDQVPLWWHU LV DEOH WR
E\SDVV WKUHH 7&8
V RYHU WKH ORQJHVW SRVVLEOH SDWK OHQJWK DQG GHOLYHU VXIILFLHQW SRZHU WR WKH UHFHLYHU�
1RZ� WKH VKRUWHVW SDWK OHQJWK PXVW EH DQDO\]HG WR HQVXUH WKDW WKH WUDQVPLWWHU LV QRW VDWXUDWLQJ WKH
UHFHLYHU� 7KH VKRUWHVW SDWK OHQJWK LV �� PHWHUV DQG ZLOO RFFXU ZKHQ WKH 7&8V VHUYLQJ WHUPLQDOV 7��
7�� 7�� RU 7�� DUH LQ ORRSEDFN PRGH �WKDW LV� �� PHWHUV IURP WKH WHUPLQDO WR WKH 7&8� ORRS EDFN
WKURXJK WKH 7&8� DQG EDFN WR WKH WHUPLQDO�� ,Q WKLV FRQGLWLRQ� WKH SDWK ZRXOG LQFOXGH WZR FRQQHFWRUV
�WZR GLIIHUHQW WHUPLQL SDLU LQ WKH PXOWLWHUPLQXV FRQQHFWRU�� WZR VSOLFHV �RI D PXOWLILEHU FDEOH
VSOLFH�� DQG RQH 7&8 �LQ ORRS EDFN PRGH�� )URP (TXDWLRQ ����� WKH PD[LPXP SRZHU DYDLODEOH DW WKH
UHFHLYHU ZRXOG EH

������ &RQFOXVLRQV� 6LQFH WKH PD[LPXP UHFHLYHU LQSXW SRZHU LV ��� G%P� WKH OLQN FDQ RSHUDWH
LQ ORRS EDFN PRGH ZLWKRXW VDWXUDWLQJ WKH UHFHLYHU� 7KHUHIRUH WKH SURSRVHG V\VWHP LV D YLDEOH QHWZRUN
VROXWLRQ DW D �� SHUFHQW FRQILGHQFH OHYHO�
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),*85( ��� 6LQJOH PRGH 6$)(1(7 WRSRORJ\�

6,1*/( 02'( '(6,*1 (;$03/(

��� 6&23(

���� 6FRSH� 7KLV DSSHQGL[ FRQWDLQV H[DPSOHV IRU FDOFXODWLQJ EDQGZLGWK� ORVV EXGJHWV� DQG
RWKHU IDFWRUV QHFHVVDU\ WR GHVLJQ VLQJOH PRGH ILEHU RSWLF V\VWHPV� 7KLV DSSHQGL[ LV QRW D PDQGDWRU\
SDUW RI WKLV VWDQGDUG� 7KH FRPSRQHQW VSHFLILFDWLRQV DQG QHWZRUN WRSRORJ\ SUHVHQWHG KHUHLQ ZHUH
GHYHORSHG IRU LQVWUXFWLRQDO SXUSRVHV RQO\ DQG DUH QRW UHSUHVHQWDWLYH RI DQ\ SDUWLFXODU LQVWDOODWLRQ�

��� $33/,&$%/( '2&80(176

7KLV VHFWLRQ GRHV QRW DSSO\ WR WKLV DSSHQGL[�

��� (;$03/(

���� *HQHUDO� 7KLV H[DPSOH LV LQWHQGHG WR SURYLGH JXLGDQFH WR WKH GHVLJQ HQJLQHHU RQ WKH
DSSOLFDWLRQ RI WKH IRUPXODH XVHG WR HYDOXDWH WKH YLDELOLW\ RI D K\SRWKHWLFDO ILEHU RSWLF WRSRORJ\�
7KH HTXDWLRQV� SDUDJUDSKV DQG WDEOHV UHIHUHQFHG LQ WKLV H[DPSOH FDQ EH IRXQG LQ 6HFWLRQ � RI WKLV
VWDQGDUG�

���� ([DPSOH� 7KH H[DPSOH KHUHLQ GHPRQVWUDWHV WKH VHOHFWLRQ DQG DSSOLFDWLRQ RI HTXDWLRQV
XVHG WR HYDOXDWH WKH 6$)(1(7 WRSRORJ\ VKRZQ LQ ILJXUH �� DQG GHVFULEHG LQ ������� 7KH WRSRORJ\ DQG
FRPSRQHQW VSHFLILFDWLRQV KDYH EHHQ SURYLGHG E\ D V\VWHP GHVLJQ WHDP DV D SURSRVHG WDFWLFDO VKLSERDUG
QHWZRUN� ,V WKH SURSRVHG V\VWHP YLDEOH XQGHU ZRUVW FDVH FRQGLWLRQV"

������ 6\VWHP VSHFLILFDWLRQV�

D� )LEHU VSHFLILFDWLRQV�

7\SH� VLQJOH PRGH

6L]H� ������� �P



�c 
 1300	10 
 1290 nm

D 


1x10 	13

4
1290 1	 1311

1290

4

 	2.15 x10 	12 s/( nm	km)
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$WWHQXDWLRQ� ��� G%�NP PD[ # ���� QP � �� QP

'LVSHUVLRQ 6ORSH
DW =HUR 'LVSHUVLRQ
:DYHOHQJWK� ��� SV�QP NP��

)LEHU =HUR
'LVSHUVLRQ
:DYHOHQJWK� ���� QP

E� 7UDQVPLWWHU VSHFLILFDWLRQV�

6RXUFH 7\SH� 6HPLFRQGXFWRU ODVHU GLRGH �/'�

&HQWHU
:DYHOHQJWK� ���� QP � �� QP

6SHFWUDO :LGWK� ���� QP 506

2SWLFDO 2XWSXW
3RZHU� �� G%P PLQ # ���� QP LQWR ������� �P ILEHU RYHU WKH UDWHG

OLIHWLPH

5DWHG 5LVH 7LPH� ��� QV PD[

F� 5HFHLYHU VSHFLILFDWLRQV�

'HWHFWRU 7\SH� 3RVLWLYH�,QWULQVLF�1HJDWLYH �3,1� 'LRGH

6HQVLWLYLW\� ��� G%P PLQ IRU D EHVW FDVH LQSXW VLJQDO DQG D %(5 RI ����

RYHU WKH UDWHG OLIHWLPH

0D[LPXP ,QSXW
3RZHU� ��� G%P

5DWHG 5LVH 7LPH� � QV PD[

G� 6$)(1(7 VSHFLILFDWLRQV�

&RQFHQWUDWRUV� 6HH WUDQVPLWWHU DQG UHFHLYHU DERYH

6SOLFH /RVV� ��� G% PD[

&RQQHFWRU /RVV� ��� G% PD[

������ 'HVLJQ HYDOXDWLRQ� 7KH GHVLJQ HYDOXDWLRQ LOOXVWUDWHG LQ WKLV H[DPSOH DVVXPHV D ZRUVW
FDVH VFHQDULR� DJLQJ LQFOXGHG LQ WKH WUDQVPLWWHU�UHFHLYHU VSHFLILFDWLRQV� DQG FDOFXODWHV WKH
HQYLURQPHQWDO PDUJLQ DW D �� SHUFHQW FRQILGHQFH OHYHO�

�������� %DQGZLGWK DQG ULVH WLPH FDOFXODWLRQV� 6LQFH WUDQVPLWWHUV DQG UHFHLYHUV DUH ORFDWHG
LQ WKH V\VWHP WHUPLQDOV DQG WKH FRQFHQWUDWRUV� WKH PD[LPXP FDEOH OHQJWK LQ WKLV WRSRORJ\ LV ���
PHWHUV� 7KH VKRUWHVW SDWK LV �� PHWHUV EHWZHHQ FRQFHQWUDWRU � DQG 7�� 7� DQG 7�� 6WDUWLQJ ZLWK
(TXDWLRQ ��� DQG WKH PLQLPXP WUDQVPLWWHU ZDYHOHQJWK WKH VRXUFH FHQWHU ZDYHOHQJWK IRU D ODVHU VRXUFH LV

)URP (TXDWLRQV ��� DQG ���� WKH ILEHU GLVSHUVLRQ DQG WKH GLVSHUVLRQ VORSH DW WKH ILEHU RSWLF
WUDQVPLWWHU FHQWHU ZDYHOHQJWK DUH



S 


1x10 	13

4
1�3 1311

1290

4

 1.05 x10 	13 s/( nm2

	km)

t cd1 
 (2.6)(1.25)( 	2.15 x10 	12)(0.315) 
 	2.2 x10 	12 s

t cd2 
 1.4 1.05 x10 	13
�

2( 	2.15 x10 	12)
1290

(1.25) 2(0.315) 
 7.0 x10 	14 s

BWex( 	3) 


0.5 x10 	9

0.29

2

�

	2.2 x10 	12

0.34

2

�

7.0 x10 	14

0.25

2 	1/2


 580x10 6 Hz

BWT( 	3) 


0.5 x10 	9

0.29

2

�

	2.2 x10 	12

0.34

2

�

7.0 x10 	14

0.25

2

�

2x10 	9

0.36

2 	1/2


 172x10 6 Hz

baud
 5/4(100 x10 6) 
 125x10 6 baud

BWT( 	3) �0.7(125 x10 6) �88x10 6 Hz

µE 
 0.315(1.35) � 2(0.16) � 2(.25) 
 1.25 dB

)E
[0.315 2(0.45 2) � 2(0.05 2) � 2(.08 2)] 1/2

 0.20 dB
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7KH V\VWHP
V PLQLPXP EDQGZLGWK ZLOO RFFXU LQ WKH OLQN ZLWK WKH ORQJHVW OHQJWK RI FDEOH� )RU WKLV
H[DPSOH� / HTXDOV ��� PHWHUV� 7KH ULVH WLPHV DVVRFLDWHG ZLWK WKH ILUVW DQG VHFRQG RUGHU FKURPDWLFF

GLVSHUVLRQ IRU WKLV OLQN DUH JLYHQ E\ (TXDWLRQV ��� DQG ��� WR EH

1RWH WKDW (TXDWLRQ ��� IRU FDEOH PRGDO EDQGZLGWK GRHV QRW DSSO\ IRU VLQJOH PRGH V\VWHPV� )URP
(TXDWLRQ ����� E\ H[FOXGLQJ WKH UHFHLYHU DQG WKH ILEHU PRGDO GLVWRUWLRQ WHUPV� WKH ILEHU�FDEOH H[LW
EDQGZLGWK LV

$OVR IURP (TXDWLRQ ����� WKH WRWDO RSWLFDO OLQN ��G% EDQGZLGWK LV FDOFXODWHG WR EH

7R VDWLVI\ WKH FRQGLWLRQV RI (TXDWLRQ ����� WKH WRWDO RSWLFDO OLQN ��G% EDQGZLGWK PXVW EH HTXDO WR RU
JUHDWHU WKDQ �� SHUFHQW RI WKH RSWLFDO EDXG� 6$)(1(7 XWLOL]HV D �%��% FRGLQJ IRUPDW DQG D ��� 0ESV
HOHFWULFDO OLQH ELW UDWH� :LWK ( HTXDO WR ��� IURP WDEOH 9,� WKH RSWLFDO OLQH EDXG LV WKXV

$IWHU VXEVWLWXWLQJ LQ IRU WKH EDXG� (TXDWLRQ ���� EHFRPHV

7KLV FRQGLWLRQ LV VDWLVILHG�

�������� /RVV EXGJHW FDOFXODWLRQ� 7KLV LV D WDFWLFDO OLQN DQG LW KDV EHHQ GHFLGHG WR
FDOFXODWH WKH HQYLURQPHQWDO PDUJLQ� VR RQO\ D � G% VDIHW\ PDUJLQ �0� VKDOO EH XVHG LQ WKH ORVV EXGJHW
HTXDWLRQ� 7KLV SDWK LQFOXGHV WZR VSOLFHV DQG RQH FDEOH� -XPSHU FDEOHV DUH LQWHUQDO WR WKH
WUDQVPLWWHU DQG UHFHLYHU DQG DUH FRQVLGHUHG WR EH QHJOLJLEOH �O � � � DQG �  ��� 7KH PHDQ DQG-& -& -&

VWDQGDUG GHYLDWLRQ RI WKH HQYLURQPHQWDO PDUJLQ �� DQG � � DV FDOFXODWHG IURP (TXDWLRQV ���� DUH( (

$GMXVWPHQWV� $� LQFOXGH D ���� G% GLVSHUVLRQ SRZHU SHQDOW\ DQG ���� G% PRGH SDUWLWLRQ QRLVH SHQDOW\
FDOFXODWHG IURP (TXDWLRQV ���� DQG ���� DV IROORZV



PD 
 0.74 125x10 6

172x10 6

2


 0.39 dB

PMPN
 0.5 125x10 6

580x10 6

4


 0.001 dB

0 � 	3	( 	36) 	3	0	0.39 	1.25 	 (0.315)(1 �0.06) 	2(0.6) 	2(1.0) 	3[(.20) 2] 1/2

0 � 24.23 dB

PRmax 
 	3 	 0.025(1.0) 	 1(1.0) 	 1(0.6) 
 	4.6 dB
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$ VLQJOH PRGH RSWLFDO FDEOH GRHV QRW KDYH D WUDQVLHQW ORVV� )URP LQIRUPDWLRQ SURYLGHG E\ WKH FDEOH
PDQXIDFWXUHU� � ZDV GHWHUPLQHG WR EH ���� G%�NP # ���� QP� 7KH ORVV EXGJHW HTXDWLRQ� (TXDWLRQ �����

�

LV

7KH ULJKW KDQG VLGH RI WKH DERYH HTXDWLRQ LV HTXDO WR ����� G% DQG WKH FRQGLWLRQV UHSUHVHQWHG LQ WKH
ORVV EXGJHW HTXDWLRQ DUH VDWLVILHG� 1RZ� WKH VKRUWHVW SDWK OHQJWK PXVW EH DQDO\]HG WR HQVXUH WKDW WKH
WUDQVPLWWHU LV QRW VDWXUDWLQJ WKH UHFHLYHU� 7KH VKRUWHVW SDWK OHQJWK LV �� PHWHUV EHWZHHQ
FRQFHQWUDWRU � DQG 7�� 7� RU 7�� 7KLV SDWK LQFOXGHV RQH FRQQHFWRU DQG RQH VSOLFH� )URP (TXDWLRQ
����� WKH PD[LPXP SRZHU DYDLODEOH DW WKH UHFHLYHU ZRXOG EH

6LQFH WKH PD[LPXP UHFHLYHU LQSXW SRZHU LV ��� G%P� WKH OLQN WUDQVPLWWHUV ZLOO VDWXUDWH WKH UHFHLYHUV
DQG WKH OLQN ZLOO QRW RSHUDWH SURSHUO\�

������ &RQFOXVLRQV� %HFDXVH RI WKH UHODWLYHO\ KLJK RXWSXW SRZHU RI WKH ODVHU VRXUFHV DQG WKH
UHODWLYHO\ ORZ PD[LPXP LQSXW SRZHU RI WKH UHFHLYHUV� DWWHQXDWRUV PD\ QHHG WR EH SODFHG LQ DOO RI WKH
VKRUW FRQFHQWUDWRU�WR�WHUPLQDO OLQNV� )XUWKHU DQDO\VLV RQ WKHVH VKRUWHU OLQNV LV QHFHVVDU\ WR
GHWHUPLQH ZKLFK ZLOO QHHG DWWHQXDWRUV DQG KRZ PXFK DWWHQXDWLRQ LV UHTXLUHG�


